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It pays to desi 
telecom products using 





Using the world’s finest passive 
component line can make a big differ- 
ence to other lines. Like product lines. 
Like bottom lines. 

To the former, of course, Murata Erie 
brings an unquestionable assurance of 
superior performance, superior relia- 
bility. And that can’t help but improve 
the latter. 

But the Murata Erie contribution 
goes much further. 

First, there are the significant bene- 
fits that come with finding a single 
source able to meet virtually any pas- 
sive component requirement. And we’re 
discussing not only product types, but 
your needs for on-time delivery, in 
volume, as well. 


That’s where multiple plants in 
North America and overseas help set 
Murata Erie apart from the rest. Where 
manufacturing capacity—exemplified 
by our routinely shipping 3.5 billion 
ceramic capacitors per month-can play 
an important role in productivity, in 
profitability. And both are enhanced by 
our extensive network of local distrib- 
utors, nearby sources for both product 
and dependable technical know-how. 

And speaking of technological exper- 
tise, it’s well to remember who has 
more of it. And that, from the beginning, 
it’s been Murata Erie setting the pace 
in electro-ceramic technology-the heart 
of an array of sub-technologies rang- 
ing from dielectrics to piezoelectrics. 





avery fine line. 


Write or call us today. When you 
have the facts, you’ll see why leading 
telecom OEMs choose the Murata Erie 
passive component line. It’s the one 
that helps move their lines—product 
and bottom-in the right direction. 


® 
MURATA ERIE NORTH AMERICA 
Marketing Communications 
2200 Lake Park Dr. 


Smyrna, GA 30080 
1-800-831-9172 





Dielectric Resonators, EMI/RFI Filters and Filter Connectors, Ceramic Resonators, Gigafils® Ceramic Capacitors, Piezoelectric Speakers, Microphones and Alarms, Duplexers, Isolators, 
Inductors, Miniature Coaxial Connectors, Trimming Potentiometers, Crystal, DR and SAW Oscillators, Ceramic Filters, Resistor Networks, Hybrid Circuits, LC Filters, Trimming Capacitors 
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2 grams of ceramic and 18 
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es of wire can’t make you 


more competitive. 


There's only one real reason to 
specify Dale® wirewound resistors: 
We'll work harder turning 
something common into something 
uncommonly valuable. Up front, 
that means saving you selection time 
by producing every standard 
shape and size in the book. Plus, 
we give you immediate access to 
design assistance and a wide range 
of proven special products. 

lt means factory and distributor 
stocking programs that can be 
quickly fine-tuned to your Just-In- 
Time delivery programs. 

And, it means making reliability 


ee 


Dale Can. 


the least of your worries with well- 
established Statistical Process 
Control and Quality Assurance 
systems to give you ship-to-stock 
capabllity. 

Dale wirewound resistors. 


Circle No. 1 


They're not commodities — they're 
the power you need to help make 
your products more competitive. 
Contact your Dale Representative or 
Distributor, or phone: 402-563-6506. 
Dale Electronics, Inc., 1122 23rd 
Street, Columbus, NE 68601-3647. 


A COMPANY OF 


DALE, 














Actual output 


20 WATTS 


tually meets 


MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461C 
MIL-STD-704D 
NAVMAT GUIDELINES 





Mil/Pac™ high-density military power supplies. —55°C to +100°C. All are designed with a field-proven 


Now you can order Abbott's full mil-qualified compact 
power supplies in both DC and AC input models. 


topology that has been verified by rigorous environmental 
stress screening. 


Mil/Pacs come in 20W, 35W and 50W configurations, with Mil/Pacs are available with or without MIL-STD-2000. 
single (5, 12, 15, 24, or 28V) or dual (+12V; +15V) outputs. Either way, the specs are worth reading. Just write us at 

DC-to-DC models accept input from 14V to 32V. AC-to-DC 2727 South La Cienega BI., Los Angeles, CA 90034. Or call 
models accept 1034 to 126.5V rms, 47-440 Hzsingle phase. (213) 936-8185. 


All Mil/Pacs operate at temperature extremes from 


WHEN RELIABILITY IS IMPERATIVE.” 
Circle No. 2 
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PDT switches with built-in driver 
ABSORPTIVE or REFLECTIVE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive © SPECIFICATIONS (typ) 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $19.95. So why bother designing and building a driver interface to Absorptive SPDT Reflective SPDT 
further complicate your subsystem and take added space when you can YSWA-2-50DR YSW-2-50DR 


specify Mini-Circuits’ latest innovative integrated components? ZYSWA-2-50DR ZYSW-2-50DR 
Check the outstanding performance of these units...high isolation, — Frequency de- 500- 2000- de- 500- 2000- 
excellent return loss (even in the “off” state for absorptive models) and 3-sigma (MHz) 500 2000 5000 500 2000 5000 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices _!ns. Loss (dB) Lat bag 1.3 1.4 
operate over a -55° to +100°C span. Plug-in models are Isolation (dB) 42 31 20 40 28 
housed in a tiny plastic case and are available in tape- Sus seca ia ears aera - a 
and-reel format (1500 units max, 24mm). All models ene Ae ae. aa 14 14 
are available for immediate delivery with a one-year | ge Video Bkthru a6 f= OG i? 36 30 30 


guarantee. oe — (mV,p/p) 
ee Sw. Spd. (nsec) 3 3 3 3 3 3 
Price, $ YSWA-2-50DR (pin) 23.95 YSW-2-50DR (pin) 19.95 


dards (1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 


QOMini-Circuits 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 F141 REV. C 
CIRCLE NO. 3 








SPECIFICATIONS 





Model LO Freq. @&Conv.Loss_ Isol. Price,$ 
Power LO/RF _ (dB) L-R Ea. 

SURF. ACE-MOUN T or P LUG-IN FROM (1 9 3 (dBm) (MHz) Mac (dB) 10 qty 
Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock ing ie ea 18 0.37 4 OP 
and vibration stresses of MIL-STD-28837, or to 200 cycles of thermal shock from -55° to TUF-3MH 13 50 030 46 8.95 
+100°C...they’ll survive without any change in specs. They are mighty tough mixers! TUF-3H 7 90 033 SO 10.95 
Available with LO drive levels from +7 to +17dBm, performance features include very TUF-1 7 2-600 $82 019 42 3.95 
TUF-1LH 10 60 O17" \' S00 ae 

low conversion loss flat over the entire band, high isolation (L-R, L-l), and well-matched TUF-1MH 13 63 012 50 6.95 
VSWR at all ports. TUF-1H 17 BO O48 50 8.95 
All-welded internal and external construction is used to assemble and package the Le | Ps 50-1000 ate b20 yi) #99 
TUF-unit in its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount" assembly. TUF-OMH 43 60. 025. 47. “Fes 
TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented TUF-2H 17 62 ¢..0-22 47 —- 9.95 
“skinny” sigma (6) unit-to-unit repeatability as shown in the Table. TUF-5 i 20-1500". 6.58" 0:40 42 8.95 
Tough, tiny, and with tight repeatability... Mini-Circuits’ Ultra-Rel™ TUF-mixers witha LUFC i sr Age 1 es 
five-year guarantee, priced from $3.95...available only from Mini-Circuits. TUF-5H 17 75 oo DAT 50 13.95 
TUF-860 7 860-1050 ’ 6.2 0.37 35 8.95 

ae TUF-860LH 10 6.3 0.27 oo © T0958 

ULTRA-REL MIXERS TUF-860MH 13 6.80302 0 3B. tras 

TUF-860H 17 6.8 0.31 BB. AB.9S 

5-YR. GUARANTEE TUF-11A 7 1400-1900 683 030 33 14.95 

with extra long life due to unique HP monolithic es Leieie 3 ie en #3 iene 

diode construction, 300°C high temp. storage, 1000 cycles TUF-11AH 17 73 028 25 1995 


thermal shock, vibration, acceleration, and mechanical 
shock exceeding MIL requirements. 





actual size 


finding new ways... 
setting higher standards 


*To specify surface-mount models, add SM after P/N shown. 
M@ X = Average conversion loss at upper end of midband (fy/2) 
6 = Sigma or standard deviation 


EJ Mi : n ‘ -Ci z rc u its WE ACCEPT AMERICAN EXPRESS AND VISA 


P.O. Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 
For detailed specs on all Mini-Circuits products refer to e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 
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ANALOG TECHNOLOGY SPECIAL ISSUE 


Hands-on project: DOS-based 


analog-simulation software 


The results of eight vendors simulating the 
same circuits make it clear that behind every 1 2 4 
good simulation is a very good engineer. 

—Anne Watson Swager, Technical Editor 


On the cover: EDN’s Hands-On Special 
Report puts DOS-based analog-simula- ‘ , : ay(ey F EATURE 

ae ea to the test and Aa: out Circuit options boost 

how it measures up to several circuits’ photodiode bandwidth 


actual performance. (Photo courtesy 

Viewlogic Systems; photography by Jon The number of circuit-design techniques you 

CRONE) 9 a2 SE le PAGE 124 | | | | | can use to widen the bandwidth of photodiode 1 5 5 
circuits is surprisingly large. Even the way you 

bias the detector can have a profound effect on the 

frequency response and noise.—Jerald Graeme, 

Burr-Brown Corp 


i 








Foldout contents 
Turn to the last information-retrieval 


service card in the back ofthis PC-based design software: TECHNOLOGY UPDATES 
magazine and you'll find a foldout 


table of contents. Now, instead of flip- Schematic capture and pc-boar’ d lay out on $ 1600 


ping back and forth from this table of 


contents to the articles you want to You can get a surprising amount of utility from low- 6 
read, you can have the convenient cost schematic-entry and pc-board-layout software. 4 

foldout open at all times while you’re —Doug Conner, Technical Editor 

reading EDN. Use the foldout con- 

tents to mark off articles you’d like ‘ ‘ ‘ 1 

ne eee Application-tailored PLDs streamline 

yourself to copy stories for your files. designs, bring speed and lower cost 


PLDs tailored for specific applications offer many 
performance advantages over more general devices. § 1 
The question is, do you want to learn a new architec- 
ture?—Richard A Quinnell, Technical Editor 





Continued on page 7 


EDN®(ISSN 0012-7515, GST Reg. #123397457) is published 48 times a year (twice monthly with 2 additional issues a 
month, except for March and October, which have 3 additional issues and July and December which have 1 additional 
issue) by Cahners Publishing Company, A Division of Reed Publishing USA, 275 Washington Street, Newton, MA 02158-1630. 
Terrence M McDermott, President/Chief Operating Officer; Frank Sibley, Executive Vice President; Jerry D Neth, Senior 
Vice President/Publishing Operations; J J Walsh, Senior Vice Peasidentlacnce: Thomas J Dellamaria, Senior Vice Presi- 

ent/Production and Manufacturing; Ralph Knupp, Vice President/Human Resources. EDN®is a registered trademark 
of Reed Properties Inc., used under license. Circulation records are maintained at Cahners Publishing Company, 44 Cook 
Street, Denver, CO 80206-5800. Telephone: (303) 388-4511. Second-class postage paid at Denver, CO 80206-5800 and 
additional mailing offices. POSTMASTER: Send address changes to EDN®, PO Box 173377, Denver, CO 
80217-3377. EDN® copyright 1992 by Reed Publishing USA; Robert L Krakoff, President and Chief Executive Officer. An- 
nual subscription rates for nonqualified people: USA, $119.95/year; Mexico, $169.95/year; Canada, $181.85/year; all 
other nations, $207.95/year for surface mail and $329.95/year for air mail. Single copies are available for $20 USA and 
$25 foreign. Please address all subscription mail to Ellen Porter, 44 Cook Street, Denver, CO 80206-5800. 


EDN May 21, 1992 = 5 





& 
¥ 
| 
: 


SEDER OOS OSI INDN DO IOT IRIAN Hy 


CNSR, 
ae. Nes am 


High Performan 


Seminars in ¥ 
1-800-858-! 





NOW TAKING OFF-MAX EPLD. 


; cloud gate array solutions. You save even more in design-in 
Lo " iia LD ag time with MAX’s PC-based development kit, which enables 
are Array \apacdry you to have a programmed solution in hours, not months. 


If you want PLD design convenience with Catch the entire MAX family of 28-, 44-, 68- and 84-pin 
the density of FPGAs or gate arrays, Cypress devices in both (erasable) windowed ceramic or plastic 
has the best way to get you there without packages. Call the Cypress hotline today for your free MAX 





eee ae delay: our new MAX CY7C341 EPLD. information, including brochure and Data Book. Our Field 
full utilization of MAX 341’s exclusive Logic Array Block — Applications Engineers are ready to show 
7,500 gates. (LAB) architecture always affords you the you how MAX 341 can make your designs fly. 

shortest interconnect path. Data glides 

between the 12 LABs with a singular, . >= 
predictable interconnect delay. Count on FREE MAX INFO HOTLI ‘ ne 

full, 7,500 gate utilization, with no drop-off 1-800-858-1810 Dewees 

from MAX’s 40 MHz performance. And MAX Ask for Dept C4], : 





341’s nonvolatility and built-in security bit 


FPGA/Gate Array : ili 
Architcthare-prence > EINE You extra safety and stability. 


for lots of delays (speed Since MAX 341 is a field-programmable 
depends on routing). — FBT) you cruise above the NREs that can 


*In Europe, fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270. 

In Asia, fax to the above dept. at 1 (415) 961-4201. © 1992 Cypress Semiconductor, 

3901 North First Street, San Jose, CA 95134. Phone 1 (408) 943-2600, TELEX: 821032 
CYPRESS SNJ UD, TWX: 910-997-0753. MAX is a registered trademark of Altera Corporation. 








EDN’s technical editors selected Na- 
tional Semiconductor’s Dispatch chip set 
and software as an innovative new prod- 
uct and thus named it this issue’s Edi- 
tors’ Choice. Turn to the Processor Up- 
date section to learn how this product 
can enhance your office-machine tech- 


Bey rh Soe ek PAGE 114 


_ EDN Magazine offers 
_ Express Request, a — 
convenient way to 
_ retrieve product 
information by 
phone. See the 
Reader Service Card 
in the front for 
details on how to 
| use this free 


service. 


 Expressitit 
Request 
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PRODUCT UPDATES 
Programmable chip set for hard-disk drives 95 
DSP boards with unusual I/O capabilities 96 
Audio module for multimedia units 100 
64-Mbyte, 1.8-in. hard-disk drive 102 
Dual-port static RAMs 104 
SCPI compiler 110 


PROCESSOR UPDATES 


Chip set for fax/modem processing 114 . 
4-bit wC for low-power applications 116 
3V 8052 microcontroller 116 





DESIGN IDEAS 


EPROM and latch detect digital peak 167 
Digital delay line adds windows 168 
Controller keeps temperature within +0.5°C 170 
Software usurps hardware motor controller 172 
Ground acts as thermocouple reference 174 
Optoisolator maximizes op amp’s range 174 
Low-dropout charger works from battery 176 


-Cascode circuit works from 1V supply —«178 


Quad DAC controls state-variable filter 178 


Continued on page 9 





Cahners Publishing Company, A Division of Reed Publishing USA 1 Specialized Business 
Magazines for Building & Construction 1] Research 1 Technology (J Electronics (] Computing 

CL] Printing (J) Publishing 1) Health Care 1) Foodservice 1) Packaging C1) Environmental Engineering 
[1] Manufacturing () Entertainment 1] Media 1) Home Furnishings C] Interior Design 1 and 
Lodging. Specialized Consumer Magazines for Child Care (1 Boating 0 and Wedding Planning. 





EDN May 21, 1992 = 7 





iM LeMaUsthialkeolomcorianleae 





How many times have you been wishing to bring your desktop 
computer to a job site without having to carry a monitor, a desktop body 
and a keyboard ? Now you can with Bi-Link's PORTABLEdesktop color 


display PC. 


The PORTABLEdesktop comes with a choice of three processors 


of 80486-33, 80386-33 to 80386-25 CPU board with memory up to 32 
megabytes and an internal hard disk drive up to 500 megabytes! The ad- 


vanced on-board write-back cache controller even out perform many 
more expensive full size desktop computers! Besides the above features, 
it also has 3 full length 16-bit ISA expansion slots for your add-on pe- 
ripherals and a built-in color SVGA monitor. We built the PORTABLE- 


desktop for all the engineers and scientists that demand the absolute 
best. For more information on the PORTABLEdesktop and other prod- 


ucts, please call our toll free number today. 


1-800-888-5369 


For information or order 
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9" Color SVGA Monitor 

This high resolution color moni- 
tor is suitable for all industrial 
and commercial applications. It 
is ideal for special project cabi- 
nets, data acquisition stations, 
point of sales machines, system 
control centers, vending ma- 
chines, security systems and on. 


PORTABLEworkstation System 

A portable computer that comes 
with a choice of 486-33, 386-33 and 
386-25 CPUs and a hard disk drive of 
up to 500MB! Three full length ISA or 
EISA expansion slots are available 
for add-on peripherals. The display 
is a high contrast gas plasma 
screen. 


PORTABLEdesktop System 

The PORTABLEdesktop is a desk- 
top computer in disguise. This 
portable come with a choice of 3 
processors: 486-33, 386-33 and 
386-25. An affordable scientific in- 
strument as well as a powerful PC 
complete with a built-in color SVGA 
monitor. 





Rack Mounted Industrial PC (IPC) 
The IPC comes with a built in 9" color 
SVGA or a monochrome MGA moni- 
tor. An 8 slot ISA backplane is stan- 
dard for add-on CPU cards for the 
lowest MTBR. Two 3.5" drive slots for 
floppy and hard disk drive are stan- 
dard and available CPU cards includ- 
ing 286, 386SX/DX and 486SX/DX 
CPU. 





Bi-Link Computer Inc. 11606 E. Washington Blvd. Suite AB, Whittier, California 90606 Tel: (310)692-5345 Fax: (310)695-9623. 
All brand or product names mentioned are trademarks or registered trademarks of their respective holders. 
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EDITORIAL 
In praise of freedom 


Freedom is one of the most important gifts we get. 
But part of that freedom includes knowing when to pass 5 5 


it on to others.—Jon Titus, Editor 
PROFESSIONAL ISSUES 


The quest for the corner office 


Becoming a manager may be the most important y) 1 1 
career move you ever make. Don’t rush into it. 
—Jay Fraser, Associate Editor 
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FINALLY, One Company Offers 
an Integrated Design Solution 
for Every Hardware Platform 
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World’s Most Popular World’s Most Productive World’s Most Powerful 
PADS- Pop PADS-2000 PADS.2000/UX 


A 16-bit, 1 mil resolution 32-bit, 1 micron resolution ™ 32-bit design software for Sun 
A Simple, Graphical User Interface Full SMT support | SPARCStations | 
A Integrated Schematic package Blind, buried & micro via Multi-tasking user environment 


A Blind and buried via support C - ; 
omponent rotation to 1/10 Full Analog Design support, all 
A Dynamic rubberbanding of conns. Aad Trace aad POW core angle place 


A Autoplace and route os 
A Design rules checking to 1 mil Full design rules checking to +10° mM ECL technology support 
Intricate copper pour and edit @ Auto-interactive/batch autorouter 


accuracy 
A 400 IC design capacity 32,000 IC design capacity 


PYADS offers hardware independent EDA Solutions within your budget and to meet your 
toughest engineering challenges. PADS products offer you a consistent, easy-to-learn, easy- 
to-use design environment. For database compatibility, total migration and a common design 
Suess between PC’s and Workstations, call 1-800-554-SALES. 


9S PDS PDS 


Tel: (508) 486-9521 Fax: (508) 486-8217 Toll Free: 1-800-554-SALES Software > Inc. 
CIRCLE NO. 8 


INSIDE EDN 





A summary and analysis of articles in this issue 





I: this issue’s Special Report, 
Technical Editor Anne Swager 
evaluates several DOS-based ana- 
log simulators. For this test, vet- 
eran analog writers Jim Williams of 
Linear Technology and Bob Pease 
of National Semiconductor contrib- 
uted analog circuits that they had 
built, tested, and written about. 
The test circuits really stress the 
simulators’ component-simulation 
models and the ability of the simula- 
tors to model the second-order in- 
teractions between cir- 
cuit components. 

We gave these four 
well-documented and 
-characterized analog cir- 
cuits to eight simulator 
vendors to see how well 
their simulators could 
predict the behavior of 
these admittedly difficult 
circuits. The results var- 
ied widely. Read the arti- 
cle to discover why and 
to find out Anne’s conclu- 
sions. You'll also want to 
read Anne’s sidebar “Ask 
reasonable questions to 
get reasonable answers,” 
which summarizes her 
hard-won recommenda- 
tions for getting the best 
results from any analog 
simulator. 

Schematic-entry and 
pe-board-layout software has be- 
come far more pervasive than simu- 
lation, and vendors offer a large 
number of competing products, es- 
pecially in the hotly-contested PC 
arena. To help you pick a product, 
Technical Editor Doug Conner pre- 
sents the first of a series of hands- 
on product reviews in his Technol- 
ogy Update. In this issue, Doug re- 
views Accel Technologies’ Tango- 
Schematic and Tango-PCB Plus. 

Doug is using these packages to 
design a pe board for the record- 
and-playback circuit he created dur- 


ing his hands-on FPGA design pro- 
ject that ran in our April 9 and April 
23, 1992 issues. By designing and 
building a real board, Doug is exer- 
cising all of the features you'd use. 
Consequently, he’s learning a lot 
about these software products. In 
future issues, Doug will discuss 
similar products from other vendors. 
Although we focused on software 
in this issue, we didn’t neglect hard- 
ware. Technical Editor Richard A 
Quinnell looks at specialized PLDs 





The Special Report examines DOS-based analog simulators. 


in his Technology Update. These 
parts can save you board space, 
power, or component cost by pro- 
viding a design solution that is more 
efficient than general-purpose de- 
vices. PLD specialization ranges 
from high-output-current drivers to 
the speed-optimized architectures 
of PLD-based address decoders. 
Richard also discusses the reasons 
why you might not want to use spe- 
cialized PLDs in your design. 


Steven H Leibson 
Executive Editor 
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ivers The World’ Fastest 386s. 
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The great 386 race is ove 


The 


dard for 386SX machines both at the 
desktop and for battery powered 

In either case, they re over 20% 
faster than those run-of-the-mill 386s. 


it 386 performance to the desktop 
applications. 


b 
Am386SXL-33 CPU makes 33MHz the stan- 
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The fact is, no other 386 m 


the Am386 microprocessor fam 
processors available today can 


the sheer speed and performance 


of the Am386 m 
Am386DXL;40 CPU brings 


IS 


901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices. Inc."We're Not Your Competition’ is a service mark and Am386 is a trademark of Advanced Micro Devices. All brand or product names mentioned 


For more information write "Am386" on your letterhead and mail to, in Europe: AMD Mail Operations, PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United 


Kingdom; in Asia: Advanced. Micro Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong; in Japan: AMD Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 


are trademarks or registered trademarks of their respective holders. 





Am386 Microprocessors. 


And of course, they're proven-compatible | Micro Devices. For more information, contact 
with the IBM*standard. your local AMD sales office below 

Best of all, they're available now, available in 
quantity, and available at surprisingly low prices. 

So don't just keep up with the competition 
with ordinary 386 systems. Blow them away with 


the world's fastest 386 systems—built around Advanced Micro Devices 
the Am386 microprocessors from Advanced “Were Not Your Competition :*" 





International Sales Offices: Antwerpen (03) 248 43 OO; Frankfurt area (06172) 24061; Hong Kong 86 54 525; London area (0483) 740440; Manchester area (0925) 828008: Milano (02) 3533241: Munchen (089) 4114-0: Osaka (06) 243-3250; 
Oslo area (02) 531324; Paris (1) 49 75 10 10; Seoul (02) 784-7598: Singapore (65) 348 1188; Stockholm (08) 986180: Taipei (02) 715 3536; Tokyo (03) 3346 7550. 
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| if BYTE-WIDE DRAMS - improve 50 many aspects 
is ie modules, ce cant aie apres 


“of MODULES? | 


Byte-wide DRAMs in memory 


| modules. When you compare a 


 4-meg byte-wide | with the normal 


combination of I-megs. and 256K's, 


you find that one chip. can replace Six. 
Now that in itself sounds m pretty 


© SAMSUNG SEMICONDUCTOR, INC., 1992. 


[They can A 


shod And i it gives you lots ae 


design advantages. 


Far lower use of board real 
estate. Greater reliability. And > 
—what’s critical for laptops—far | _ 
: io: ae less than the six chips it replaces. 


lower power consumption. | 


But now byte-wides also give 


you an advantage in cost—on x36 


modules like the 256Kx36 and 


512Kx36. 


Because the single byte-wide costs 





| And also because board assembly is 
| less expensive. 

So if you've been wishing you 
could exploit the design advantages 
of byte-wides but have been 


‘ holding off for cost reasons, hold 


Samsung byte-wides. You name it—they improve i 


wAnRT 


KM416C256" 


KM418C256 


Eee 
KM49C5I2_— 


Okc. ss SPEEDS 
256KX16 - 70, 80, 100 ns 
pode 70, 80, 100 ns 

5OKxB 70, 80, 100.n5 | 


| 5KxXg  _._70, 80, log ns || 


*WPB AVAILABLE 


off no more—the future is here. 


At Samsung, byte-wide technology 
lets you improve even the economics | 


of modules. 


For more information, please call | 


1-800-446-2760 today. 


CIRCLE NO. 16 


Or write to pRAM Marketing, | 
Samsung Semiconductor Inc., 3655 | 
No. First St., San Jose, CA 95134. ve 


SAMSUNG 


A Generation AHEAD. 
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ENGINEERING 
SEES OUR 
NEW 32-BIT 
INTEGRATED 
PROCESSOR. 

















Actually, a bullet doesn't do it justice. But you get As the simplest and lowest priced member of 
the picture. Motorola's new 68330 integrated micro- the 68300 family, the 330 is an ideal companion to 
processor is fast. your favorite peripheral circuits. Even if you've already 

And well it should be. After all, it gets its firepower combined them into an ASIC or custom circuit. 
from a 68020-based core processor 68000 MICROPROCESSOR FAMILIES What's more, the 68330's Sys- 








that’s optimized to run ona 16-bit data | Scntecturalinegration °°? 79-9 tems Integration Module comes 























bus. So you get 32-bit microprocessor —[Peiormanceicox 00° S080 E0080 FO | already loaded with system glue 
° 68300 INTEGRATED 302 330. 331 332 340 ‘ ° 
performance with the economy of a Functional integration logic. Saving you the trouble of 
; Motorola’s 68000 families let hoose th : : : ° : 
16-bit memory system. Ps taccien WG designing in functions like clock 


*Sample supplies are limited. Motorola and the ® are registered trademarks of Motorola, Inc. All brand and product names appearing in this ad are registered trademarks or trademarks of their respective holders. 
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generation, chip selects and interrupt control. So if you're looking for 32-bit per- 





And, since the ’330 is fully binary software formance at a 16-bit system price, call 
compatible with all members of the 68000 and 68300 —-1-800-845-MOTO. Ask fora free 68330 
families, it provides a seamless migration path, product sample* and discover a high- 
reams of reusable code, popular operating systems caliber value. | 
and familiar development tools. 

All of men save you a lot of trouble, while (AA) MOTOROLA 
owering overall system costs and raising your 
accountants’ morale. 


© 1991 Motorola Inc. All rights reserved. 
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HP’s 50 MBd — 
Plastic Fiber-Optic Data Links. © 
ything else would be twisted. — 











Our new data links are so 
fast and cost-effective, 

it would be crazy to 

stick with twisted pair. 


Sure, optical fiber is immune to 
noise, but who can afford it? With 
HP’s new high-speed plastic fiber 
links, the answer is anyone. 


CG080203 
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That’s because our new links rely 
on plastic optical fiber cable which 
keeps costs way below glass fiber, 
while offering far greater voltage 
isolation and noise immunity than 
twisted pair wire. 


A quick turn for the best. 


With data rates soaring to 50 MBd, 
HP’s plastic fiber links offer the 
fastest solution for designing com- 
puter, telecommunications, or 
industrial applications. So you can 
avoid bottlenecks, and design in 
data multiplexing. 


Perfectly flexible. 


You can choose interlocking hori- 
zontal or vertical mounts for greater 
mechanical design flexibility. The 
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analog in/out provides the electrical 
design flexibility you need to meet 
your cost and performance goals. 


The whole ball of wax. 


What’s more, as the largest opto- 
electronic supplier in the U.S., 
HP offers you the industry’s most 
complete package of products 
and support services. To find out 
more about HP’s 50 MBd Plastic 
Fiber-Optic Data Links, call 

1 (800) 752-0900, ext. 2948 in 
the U.S.* You’d be crazy not to. 


There is a better way. 


HEWLETT 
PACKARD 


*In Europe, FAX to: (49) 7031-14-1750. 





EDN-NEWs BREAKS [ff 


EDITED BY SUSAN ROSE 


RCL IC integrates 200-MHz 
ATE pin electronics 


The Bt612 monolithic IC includes the timing generation, 
formatting, and pin-logic error functions required in ATE 
equipment. The IC features a 200-MHz maximum data 
rate, and can therefore be used to test even the fastest 
static RAMs. Specifically, the IC includes two timing memo- 
ries, eight 8-bit counters, and two 8-bit verniers that com- 
bine to generate 32 programmable timing events with 
10-psec resolution. You can select from 16 time sets on 
the fly, which lets you change timing on a cycle-by-cycle 
basis. The format and error functions combine the timing 
information and pin data to directly control the pin- 


_ electronics driver or monitor the pin-electronics receiver. 


The IC was interfaces directly to the company’s Bt698 
driver/load/comparator IC, and therefore reduces the IC 
count in an ATE pin channel to two. 
: The company also designed a development system that 
you can use to evaluate the channel-controller IC. The 
_ system includes a pc board with dual 200-MHz channels. 
You interface the system to an IBM-compatible PC and 
use an oscilloscope to evaluate the IC’s performance. The 
_ system includes software to control the development board 
and manuals. You can buy samples of the Bt612 now; 
production quantities will ship by the fouth quarter of 1992. 
The IC, packaged in a 132-pin PGA, costs $425 (100). 
Brooktree Corp, San Diego, CA, (619) 452-7580, FAX 


(619) 452-1249.—Maury Wright 


View, print, 
and plot your 
CAD drawings 
Autosight’s Mini 4.0 draw- 
ing and viewing program 


displays, prints, and plots 
DWG, DXE, HPGL, HPGL/2, 


and PCX graphics. The pro- 


gram also offers 3-D view- 
ing. The software runs on 


PCs with DOS 2.1 or higher, 


allows keyboard or mouse 
operations, and has a 


(1024 x 768-pixel maximum 
resolution in 256 colors. A 
single-user license costs 


: 927; a 5-user license for 


network operation costs 
$399. The company is of- 


fering user upgrades to cur- 


‘rent customers for $39 plus 


shipping and handling 
through June 1. Autosight 
Inc, Melbourne, FL, (407) 
242-5865, FAX (407) 255- 
1052.—Susan Rose 


CAE system eases 
DSP-chip design 
Many designers may face 
a design hurdle when they 
try to go from standard 
DSP designs to those that 
require a custom chip. In- 
stead of switching from a 
DSP-only development 
system to an ASIC-design 


system, you can use Men- 
tor Graphics’ DSP Sta- 
tion. The software inte- 
grates DSP-system de- 
sign operations into the 
company’s existing tools 
for ASIC design, simula- 
tion, and layout. If you 
decide to forgo an ASIC 
for your application, you 
can create DSP assembly- 
language code that will 
run on commercial DSP — 
chips. The $33,000 soft- 
ware operates from the 
company’s Falcon Frame- 
work 8.0 on Hewlett- 
Packard Apollo worksta- 
tions. The company ex- 
pects to have the software 
operating on Sun © 
SPARCstations by July. 


Mentor Graphics, Wilson- . 


ville, OR, (503) 685-7000, 
FAX (503) 685-1202. 
- on litus 


Vendor breaks 

50 + -year 
tradition 
Hewlett-Packard Co is 
breaking tradition by selling 
and servicing VXI modules 
that carry the names of 
three other firms. Since its 
1939 beginning, the com- 
pany has sold and serviced 
products only if they carried 
its own name. (In a few 
cases, other firms have 
manufactured these prod- 
ucts for the company, and 
on occasion the company's 
catalogs have indicated _ 
where customers could ob- 
tain products that comple- 
ment its own.) The first com- 
panies and products are 
communications test prod- 
ucts from Tasco Electronic 


Services Inc (Anaheim, CA) 


| and ILC Data Device Corp 


(Bohemia, NY); an angular- — 
position monitoring instru- 
ment from ILC; anda time- | 


code processor from Da- 


tum/Bancomm (San Jose, 
CA). Moreover, the com- 
pany won't rule out the pos- 


_ sibility of other such coop- 


erative arrangements in the 
future, at least in the VXI 
area. Hewlett-Packard Co, 
Cupertino, CA, (800) 752- 
0900.—Dan Strassberg 


Clock generator 


allows edge 
placement 


The GA1000 digital clock- 
generator IC from Tri- 
quint Semiconductor lets 
you derive a variety of 
clock signals from a single 
reference clock. Each of 
the device’s six output 
signals is phase-locked to 
the 20- to 80-MHz refer- 
ence. The output clocks 
can have frequencies that. 
are integer multiples (2 x 
to 8x) or submultiples 
(1/2 x to 1/21 x) of the in- 
put frequency. The out- 
put clocks can have a 
160-MHz max frequency. 
The device provides 
more than simple fre- 
quency multiplication. 
You can divide each out- 
put clock period into a 
number of equal intervals, 
from 4 to 22, and place 
four clock edges—two ris- | 
ing and two falling—on 
the interval boundaries. 
This edge placement lets 
you, for example, create 
an output clock with a 
Text continued on pg 20 
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Heard any good jokes lately? 


Who says engineers don’t know how to have a good time? 
Certainly not Oak Ridge Public Relations. The firm is so 


sure that humor abounds in the electronics industry that it . 


is soliciting jokes, one-liners, and riddles for The Book of 
High Tech Humor. The book will include such categories 
as ‘‘Components of Humor,”’ ‘‘Thanks for the Memories,”’ 
and ‘‘Gigglabytes."’ If you send a joke to Oak Ridge, 
include your name, and they'll give you credit (unless your 
modesty prevents you from allowing your name to be 
used.} : : 

All jokes must meet a few specifications: They must be 
about some aspect of high technology or a closely related 
subject (such as physics, mathematics, or underwater bas- 
ket weaving). The staff will read dirty jokes but won't 
publish them. In case of multiple submissions, the first one 
received will get the credit. And the company reserves the 
right to edit any submission. 

Pricing tor this product is $0.00 (1). The product is still 


under development, but the company plans to start beta | 
testing by the third quarter of 1992 and will ship by the 
fourth quarter. To enter your $0.02 worth, write Oak Ridge 
Public Relations Inc, 21771 Stevens Creek Blvd, Suite 203, 


Cupertino, CA 95014, FAX (408) 253-0936.—Susan Rose — 


Text continued from pg 19 _ 


pulse as narrow as 2.7 nsec 
corresponding to each ref- 
erence-clock edge. | 
The IC has a propaga- 
tion delay of 250 psec if 
you set up an output-clock 
output to be a copy of the 
reference. If output clocks 
are identical to each 
other, the typical clock-to- 
clock skew is +250 psec. 
Each output pin provides 
a symmetrical 24-mA 
drive current at TTL I/O 
levels. The device is avail- 
able in 16-pin DIPs and 
28-pin ceramic leaded chip 
carriers costing $34 and 
$39 (1000), respectively. 
Triquint Semiconductor, 
Santa Clara, CA, (408) 
— 982-0900, FAX (408) _ 
982-0222, contact Sunil 
. Sanghavi. | 
—Richard A Quinnell 
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Connector wafer 
simplifies 
host-system 
modifications 


TRW’s wdisc is a microma- 
chined silicon chip the size 
of a quarter that fits into the 
space where 2-piece elec- 
trical connectors mate. You 
can directly monitor what's 
happening in a cable by 
slipping the chip into the 
space between the connec- 
tors. The mating process 
takes one minute, requires 
no modification of existing 
hardware, and has no ef- 
fect on the normal operat- 
ing characteristics of the 


| mated connector. 


The chip slides over the 
connector pins; contacts 


are located at appropriate 


feedthrough points in the 
water to feed the signals in 
the lines to monitoring 


| equipment located outside 


the connector via a plastic 
optical fiber. Optical-to- 
electrical signal conversions 
are monitored at the exte- 
rior of the connector assem- 
bly to minimize losses asso- 
ciated with plastic fiber. De- 
pending on your system, 
prices range from $10 to 
$300 (1000). TRW, Al-- 
buquerque, NM, (505) 
880-1990, FAX (505) 880- 
5165.—Tom Ormond 


Company acquires 
programming tools 


Borland International 
has acquired two pro- 
gramming tools from 
Solution Systems (part of 
the Software Developer's 
Company): Brief is a pro- 
grammer’s editor and 
Sourcerer’s Apprentice is 
a network version-control 
system that manages 

large software projects. — 
Under the agreement, 


Borland will own, de- 


velop, and market both 
products. Borland Inter- 
national, Scotts Valley, 
CA, (408) 439-4825. 
—Susan Rose 


Partial-scan 
technology for 
test synthesis 


At the Design Automation 
Conference (Anaheim, CA, 
June 8 to 12) this year, Syn- 
opsys Inc will demonstrate 
a constraint-driven partial- 
scan technology and auto- 


matic synthesis for JIAG 
boundary scan. The new IC- 
design product will be 
called Test Compiler Pscan. 
Partial-scan technology will 
enable users to trade off 
degrees of test coverage 
with area and performance 
constraints in designing ICs 
for test. Both partial scan 
and automatic boundary 
scan will be incorporated 
into new versions of existing 2 
products for shipping during 
the fourth quarter of 1992. 
Partial scan turns some of. 
the registers in an IC into © 
‘scan registers’ or ele- 
ments that are controllable © 
and observable. Partial 
scan is a variation on full 
scan, inwhichallofthese- 


quential elements are 


turned into scan registers. 
Partial scan is attractive for 
designs that are tightly con- 
strained by performance 
and area requirements be- 
cause fewer sequential ele- 
ments are scannedthan 
with the full scan approach. 
The company’s existing 
product, called the Test 
Compiler, allows users to 
back off to about 95% fault 
coverage by manually de- 
selecting registers. The 
company claims that Test 
Compiler Pscan will go as 
low as 40 to 60% testability. 
Automatic JIAG synthesis 
will be added to both the 
Test Compiler and the Test 
Compiler Pscan products. 
This option will generate 
test vectors in 1149.1 pro- 
tocol and require no knowl- 
edge of 1149 by the engi- 
neer. USA pricing from 
$50,000. Synopsys Inc, 
Mountain View, CA, (415) 
694-4255, contact Lois 
DuBois. —John C Napier 


When the 
aati owl a-mele\ uae 
dat=malace (yam eleyianatare 


Process Engineers 





Every company experiences finger pointing when a design doesn’t work. 


Your circuit designers claim the models are not accurate. The model developers 
claim the process shifted since the time they began work on the models. The 
process engineers claim the model developers aren't tracking the process. 


Meta eliminates finger pointing and helps you get it 
right first time™. Meta-Labs modeling services, combined 
with the HSPICE circuit simulator, provide the crucial link 

between your fab and circuit designers. The Meta- 
Software methodology helps your design, process and 
modeling groups work together as one team. 


Get back in the chips with Meta-Software. For a 
right first time information package, call toll free 
(800) 442-3200, ext. A2. 





META-SOFTWARE 


right first time™ 
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_ interface and source code come with the card. 





Software / herdiiee tools 
for 32-bit RISC wP 


VLSI Technology ine is olin software- deacon: Ge | 


and evaluation and development cards for its Arm (ad- © 
vanced RISC machine) 32-bit processor family. The $995 
software-development kits are configured for Sun OS, MS- 
DOS, and Macintosh operating systems. Each of the kits” 


provides a C compiler, assembler, linker, symbolic debug: | _ — 
ger, and instruction-set emulator so that developers can | 


a Fast DSO p prices 
| ar t again 
The Platform pdacender Eiuanen (PIE) card me ie _. dr ‘op ye agal 
Arm60 processor and the Platform Independent Develop- 
~ ment (PID) card for the Arm600 processor can both debug 


write C or assembly- ‘language programs for the OO, 
family. 


_ user-written software, thus letting users prototype the soe | 
tem before committing to silicon. The $595, RS-232C- 

~ compatible PIE card uses 512 kbytes of onboard static 
RAM (2 Mbytes optional) for download code and 1 28 
kbytes of EPROM (upgradable to 512 kbytes) with an 
8-bit monitor and self-test firmware. A remote prone 


The $995 PID card has both serial and pocael i ine 7 


terfaces. The card comes with 1 Mbyte of dynamic RAM : 


(upgradable to 16 Mbytes) and 128 kbytes of EPROM - 
(upgradable to 512 kbytes). VLSI Technology Inc, San 


Fernando, CA (408) 434-7899, FAX (408)263-2 2511, men: | 
tion ARMDEV. —Susan Rose | 





Alliance yells 
Unix software 


for test 
Digital Equipment Corp, 

which has already formed 
strategic alliances with _ 
several vendors of test, © 
measurement, and data- 
acquisition software and 


— | collect, archive, reduce, _ 
_| and present test results; in 
2 manufacturing and labora- 
| tory settings in the phar- _ 
| maceutical, chemical, © 

automotive, aerospace, 
and electronics industries. 


: porting virtual-instru- 


: _| tems for ingerumients con-| 
trol, the firms claim Unix- | 
oo ‘based systems offer: more 

| powerful multitasking. 
| Tektronix Inc, Beaver- - 
| ton, OR, (800) 426-2200 
- Digital Equipment Corp 
| Marlboro, MA, (508) 46' 
. Ce 9. —Dan Strassber y 


$10, 950 0 2-channel Model mands and | 
| 4096 can lay claim, at least | « eludes visua 
cs : __ | for the moment, to being oe 
| the: lowest-priced DSO 
that takes more than 1 | 
—- Gsample/sec i inreal tim 
| The instrument takes 1 
| Gsamples/ sec, but at th 
| sampling rate, , you can 
| use only one channel. - 
| (You can use both ee 
| nels simultaneously at 800 : 
1 Msamples/sec/channel. 123 
| With repetitive signals, — 
the scope’s effective sam 


fora pantine one will 


The two companies are — 


_ | ment drivers first devel- — 
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hardware, has announced 7 
an alliance with Tektronix 
Ine. The alliance has al- 


ready produced its first — 
- fruits—a Unix-based, 

icon-driven software pack- 

age called DECrti (for 


real-time integrator). The 
workstation software, __ 


priced at $3000 for a de- 


oe _ velopment kit and $600_ 


| software will support the 
~ | company’s entire family of 
| modular instruments for 


-ITEEE-488 instruments | 





oped by Tektronix for its | 
TekTMS MS-DOS- based 


software to Unix. The 


the VXIbus, as well as 


from a large number of 


| other firms. Compared — 
: with MS-DOS- based sys- 


pling rate increases to 
| Gsamples/see, and you 
_| simultaneously use b 
| channels’ full bandwidt 
which exceeds 200 MHz. 


parable scopes are Tek- _ | 
S | _| tronix’s TDS620 ($13,540 | 


s f channels in real time al 






Geamplewee done, 

‘| and Hewlett-Packard’s 
| 54510B ($11,950), which 
_| simultaneously samples _ -— 


























| During the last few S Pe 
months, EDN’s | ag 

|N ewsbreaks and Product | ? oe 

| Update sections have: re i} m 
. . | ported several develop- — ‘spec adc | 
| mentsindigital storage 13 SP : 
| scopes that sample faster GE 
| than 1 Gsample/sec. The | sp 
—— performance of such i 
_ | struments is increasin: 
and prices are droppin 
| The latest firm to join 
| race is Gould Inc, who 





ming tools, ‘and accepts 2 oe 
ees data-array 8 size So 
















S “errors. You. can create 





‘programs that directly fe | 
SS cess: and monitor all Sui oo 



















The most nearly com- a spreadshee | fields and re- - 
| cords. GFA. Software | ] 
Technologies Inc, Sign = 
| MA, (508) 744-0201, FAX | 

508) Wie 
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Where have Siliconix’ industry leading analog switches 
been for the past twenty years? 








Over the years you've used 
our analog switches in 
products that have been 
from the rocky surface of 
Mars to hard places such 
as disk drives, oil drilling 
rigs, Patriot Missiles, and 
every application in 
between. We've been there 
for you — and been there 
first. Enabling you to cut 


your time to market and stay ahead of your competitors. 


Timely technology leadership. 

We were first with the DG200 Series. First with the 
DG400 Series of analog switches and multiplexers. And 
first again with the DG600 Series. That’s what tech- 
nology leadership is 
all about — being 






800 
700 ee Hirst to supply you 
600 — with the industry's 
500 pf top performing 
00 devices. 
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BETWEEN A ROCK 
AND A HARD PLACE. 













Proven process 
capability. 

The DG400 Series is based 
on a high-voltage silicon- : 
gate process technology 
utilizing thinner gate 
oxides, smaller feature 
sizes, and lower device 
thresholds. The result — 
faster switching, lower on- 
resistance, lower leakage, 
less power consumption, tougher ESD tolerances, and 
higher reliability. And our new DG600 Series is even faster! 


Where do we go from here? 

To more rocks and hard places? Probably. Up in the air? 
Definitely — in the new video-on-demand systems coming 
soon to major airlines. 


To learn more about our continuing commitment to 
technology leadership in analog switches contact your local 
Siliconix sales office. Or call our toll-free hot line now! 
1-800-554-5565, Ext. 967. Ask for your “Analog Switch 
Design Kit." And remember, when it comes to analog 
switches, there is only one industry leader. Siliconix. 


Bee aa 
Siliconix 
2201 Laurelwood Road, Santa Clara, CA 95056 


© Copyright 1992 Siliconix, Inc. 
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dc to 3GHZ ...$1I 


& 
lowpass, highpass, bandpass 
e less than 1dB insertion loss ® greater than 40dB stopband rejection ®surface-mount @BNC, Type N, SMA available 


e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ® rugged hermetically-sealed pin models constant phase 
®meets MIL-STD-202 tests ®over 100 off-the-shelf models ® immediate delivery 


low pass, Plug-in, de to 1200MHz 




















Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
No. loss < 1dB loss < 1dB > 20dB > 40dB 
PLP-5 8-10 10-200 PLP-250 320-400 400-1200 
PLP-10.7 19-24 24-200 PLP-300 410-550 550-1200 
PLP-21.4 32-41 41-200 PLP-450 580-750 750-1800 
PLP-30 47-61 61-200 PLP-550 750-920 920-2000 
LOW PASS PLP-50 70-90 90-200 PLP-600 840-1120 1120-2000 
PLP-70 90-117 117-300 PLP-750 1000-1300 1300-2000 
PLP-90 121-137 167-400 PLP-800 1080-1400 1400-2000 
PLP-100 146-189 , 189-400 PLP-850 1100-1400 1400-2000 
@ PLP-150 210-300 300-600 PLP-1000 1340-1750 1750-2000 
be PLP-200 290-390 390-800 PLP-1200 DG- 1000 1620-2100 2100-2500 
2 Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 
> 
5 Surface-mount, dc to 570 MHz 
o 
SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
: SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 
SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
frequency SCLF-135 DC-135 210-300 300-600 








Price, (1-9 qty), all models: $11.45 


Flat Time Delay, dc to 1870 MHz 

























































































Passband Stopband VSWR Group Delay Variations, ns 
MHz MHz Freq. Range, DC thru Freq. Range, DC thru 
PRS Model loss loss 0.2fco 0.6fco fco 2fco 2.67fco 
loss < 1.2dB > 10dB X 3 X ope X 
- 78-117 13:1 2.3:1 0.7 40 5.0 
GROUP DELAY g PBLP-117 234-312 312 to 2.4:1 0.35 1.4 1.9 
“ Ns z PBLP-156 312-416 416 0.3:1 1.4:1 0.3 1.1 15 
2 2 PBLP-200 400-534 534 1.6:1 1.9:1 0.4 13 16 
2 - PBLP-300 600-801 801 1251 2.2:1 0.2 0.6 0.8 
: ° PBLP-467 934-1246 1246 1.25:1 223 0.15 0.4 0.55 
ABLP-933 1866-2490 2490 1.3:1 2.2:1 0.09 0.2 0.28 
ABLP-1870 3740-6000 5000 1.451 2.9:1 0.05 0.1 0.15 
“feo 6 1 2 267 tee Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
Frequency, rel 19 feo NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
high pass, Plug-in, 27.5 to 2200 MHz 
HIGH PASS Stopband Passband VSWR Stopband Passband VSWR 
MHz MHz Pass- MHz Pass- 
Model loss loss loss band Model loss loss band 
= < 40dB < 20dB <1dB < 40dB < 20dB : 
e PHP-25 DC-13 13-19 27.5-200 1.8:1 PHP-400 - 210-290 1.7:1 
2 PHP-50 DC-20 20-26 41-200 Soe PHP-500 DC-280 280-365 1.8:1 
9 PHP-100 DC-40 40-55 90-400 1.8:1 PHP-600 DC-350 350-440 2.0:1 
. PHP-150 DC-70 70-95 133-600 1.8:1 PHP-700 DC-400 400-520 1.6:1 
= PHP-175 DC-70 70-105 160-800 15:1 PHP-800 DC-445 445-570 241 
PHP-200 DC-90 90-116 185-800 | 1.6:1 PHP-900 DC- 520 520-660 1.8:1 
PHP-250 DC-100 100-150 225-1200 £34 PHP-1000 © 550-720 1000-2200 1.9:1 
PHP-300 DC-145 145-170 290-1200 1.7:1 
frequency 
Price, (1-9 aty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
Easeipace bandpass, Elliptic Response, Constant Impedance, 
see he 10.7 to 7OMHz 21.4 to 7VOMHz 
S a Passband 3 dB Stopbands VSWR 
¢ IMPEDENGE Bandwidth LL. LL. 1.31 
2 Model Total Band 
3 \ No. MHz 
= PIF-21.4 DC-220 
i) PIF-30 DC-330 
PIF-40 DC-400 
PIF-50 DC-440 
frequency PIF-60 DC-500 
PIF-70 70 8-82 DC-550 
Price, (1-9 qty), all models: plug-in $18.95, Price, (1-9 qty), all models: plug-in $14.95, 
BNC $40.95, SMA $42.95, Type N $43.95 BNC $36.95, SMA $38.95, Type N $39.95 
finding new ways ... 
setting higher standards 
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Synchronous 4Mb 
At IOOMHz 
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Cached DRAM 


It Screams! 


Matching low-cost DRAM technology with 
today’s high-speed CPUs can be a design engineer’s 
nightmare. Until now. Introducing the 100MHz 
4Mb Cached DRAM from Mitsubishi. 


FIRST SYNCHRONOUS DRAM 
Mitsubishi combined a fast, 4K x 4 SRAM 
and a 1M x 4 DRAM with a wide, 16 x 4 bit 
internal bus and a synchronous clock design, all 
into one tiny TSOP IC. The result is the industry’s 
first synchronous DRAM with on-board cache. 


1O0OMHz OPERATION 

The Cached DRAM’s large, 16 x 4 bit 
internal data path can transfer a 16-line data block 
in just one cycle, allowing the small on-chip cache 
to perform like a much larger external cache. The 
result is fast, 1OOMHz performance at a much lower 
cost than separate cache configurations. Plus, the 
Cached DRAM’s fast copy-back scheme signifi- 


cantly reduces the miss cycle penalty time. 


COST-EFFICIENT, SMALL SIZE 
The Cached DRAM die and package are 
only 7% larger than those of a standard 1M x 4 
DRAM. And, since they are manufactured with 
the same process and on the same production line 
as Mitsubishi’s standard 4Mb DRAMs, Cached 
DRAMS are highly cost-efficient to manufacture. 





LOW POWER OPERATION 


With a clock that can be stopped to reduce 
power consumption to as low as lmW, the Cached 
DRAM is ideal for portable and highly integrated 
applications where low power consumption, 
compact size and fast operation are essential. 


MITSUBISHI’S CACHED DRAM PERFORMANCE 


Part Cache Hit Cache Miss Direct Array Pack 
Number Access/Cycle | Access/Cycle | Access/Cycle | '2°K49¢ 


M5M44409TP-10 10ns/10ns 70ns/280ns* 70ns/140ns | TSOP** 
M5M44409TP-15 15ns/15ns 75ns/300ns* 75ns/150ns | TSOP** 


M5M44409TP-20 20ns/20ns 80ns/320ns* 80ns/160ns TSOP om" 





















*Cache hit cycles can resume after one miss access time, while the 
copy-back completes in the background. 


**TSOP Type II. Also available in reverse pin-out TSOP. 





Standard 
Not your 4Mb DRAM. 
ordinary next- Actual size. ; LL eee 
generation DRAM, 4Mb Cached DRAM 
. as is only 7% larger than a 
Mitsubishi’s 4Mb standard 4Mb DRAM. ot 
synchronous 


Cached DRAM sets a totally new 
standard for cost-effective, high 
performance memory. For more STON 
information and technical specifica- PEALTY. 
tions, please call (408) 730-5900, 

ext. 2106 or 2226. 


a MITSUBISHI 


ELECTRONIC DEVICE GROUP 
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George Boole 
Had No Idea 











From Boolean 
Equations to OrCAD’s 
Programmable Logic 
Design Tools. It took more 
than 100 years, but it was 
worth the wait. 


Sure, George Boole pioneered the 
description of logic in the 19th century. 
And for the last 30 years, Boolean 
Equations were just about the only way 
engineers working with programmable 
‘chips could express their designs. 





Call today for a 
FREE DEMO DISK 


and information kit. 
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But that’s all a thing of the past. 


Now there’s OrCAD’s Program- 
mable Logic Design Tools, the most 
versatile PLD tools set yet. With seven 
different ways to describe logic, OrCAD 
gives you more flexibility and more 
freedom than you ever imagined. 


Besides describing logic in conven- 
tional Boolean equations, you can now 
use OrCAD’s own indexed equations and 
condense pages of Boolean lines into one 
or two lines of code. Or work with truth 
tables, state machine procedures, and 
logic synthesis like streams and numeric 
mapping. You can even compile logic 
from schematic symbols generated in 
OrCAD’s Schematic Design Tools 
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Release IV. Or choose as many different 
forms as you like all within one design. 
Programmable Logic Design Tools 
recognizes the logic requirements of your 
design and compiles it into the most 
efficient JEDEC or HEX files possible. 


Yes, George Boole deserves credit! 
His equations first allowed us to describe 
logic. But now there’s a better way. The 
most advanced way yet. OrCAD’s 
Programmable Logic Design Tools. 


3175 N.W. Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 (Sales) 
(503) 690-9891 (Fax) 





Prediction of headlines 
10 years from now 


My comment about Dan Strass- 
berg’s editorial question, “Where 
have all the investments gone?” 
(EDN, February 17, 1992, pg 55) 
is that his question is so naive that 
it must only be rhetorical and in- 
tended for abstract discussion. 

Why? Because a literal answer to 
the question is too painful to con- 
template in public: we engineers, 
like most Americans, have sold out 
to Asia. We are not yet hurting 
enough to take remedial action. 

Dan should run his editorial in 10 
years when future headlines may be 
saying, “Engineers’ Movement 
tosses MBAs from management,” 
or “Engineers riot to take over top 
management spots,” or ‘Unions 
prohibited from US industry,” or 
“It’s law now: All products must be 
labeled with true manufacturer 
ownership.” 


One clue to the answer to Dan’s 
question is printed on the Thermos 
bottle package for sale at thousands 
of US stores. It says, “An American 
Original”—but all the profits go to 
Asia (and therefore all the R&D). 
John Clothier, HE 
Chino, CA 





National Health Care is 
a closed-loop control system 


All morality issues aside, the first 
utterance of the phrase, “National 
Health Care” should send shivers 
through the body of any engineer 
who has ever been involved in the 
design of a closed-loop control sys- 
tem, regardless of its complexity. 
That is precisely what national 
health care is—a closed-loop control 
system of mind-boggling complex- 
ity. The quantities to be controlled 
are the price and quality of health 
care. The input to the proposed sys- 
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tem is a government agency’s sub- 
jective valuation of factors such as 
demand for health care, the avail- 
able supply of health-care provid- 
ers, and the fed-back value quality 
of health care. Additionally, the in- 
puts are littered with sources of 
“noise” such as pressure from 
lobbyists and media-inflated hype. 
The controller, ultimately, is Con- 
gress, [whose members| must pass 
legislation to alter the price or qual- 
ity of health care. 

Even ignoring the fact that every 
major element in the system is in- 
herently nonlinear, noncharacter- 
izable, and nonrepeatable, and that 
all of the inputs are subjective by 
nature, such a complex control sys- 
tem still possesses insurmountable 
problems. First, the time constants 
in the dynamics of the system span 
periods from shorter than a few 
months to longer than a decade. 
The short-term “impulse” distur- 
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bances such as medical and scien- 
tific breakthroughs would cause 
short-term differences in market 
demand and controlled supply that 
could cause temporary shortages of 
available health care. Even worse, 
the slowly changing factors such as 
the emigration or immigration of 
health-care professionals and an in- 
crease or decrease of students in the 
medical field could cause a severe, 
long term surplus or a shortage of 
health-care professionals. 

Demographics presents addi- 
tional problems for the system. For 
instance, in which cities is health 
care sampled? Ethics presents even 
more problems. How good must the 
quality of health care be? By whose 
standards? 

The cause for alarm, however, is 
not merely that national health care 
is a very complex closed-loop sys- 
tem, but that it is being proposed, 
designed, and implemented by peo- 
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ple who have never heard of con- 
cepts such as closed-loop stability, 
regenerative feedback, or Nyquist 
criterion. The thought of designing 
a closed-loop system with a settling 
time of many decades, an inherently 
fallible observer, and a sampling 
controller whose transfer function 
took into consideration that it had 
to be reelected every two to four 
years should instill fear into any 
competent control-system engineer. 
An infinitely scarier prospect, how- 
ever, is that such a system would 
directly affect every individual’s 
health and well being. 

Mike Harris 

Electrical Engineer 


Sorry, wrong number 

In the article on multichip modules 
(EDN, January 2, 1992, pg 40), the 
phone number for AT&T Microelec- 
tronics should be (800) 372-2447. 





NEXT IN EDN MAGAZINE 
AND EDN NEWS EDITION 


In the next EDN News Edition (May 
28), look for the latest on new prod- 
ucts, including transceivers. The 
Careers section will carry an article 
on jobs in the EDA software field 
and will look at opportunities in 
Texas, Oklahoma, and Kansas. 


The June 4 issue of EDN Maga- 
zine will feature a Special Report 
written by Senior Technical Editor 
Charles Small on converting FPGA 
designs into ASICs. Also look for 
Technology Updates on DSP uP 
evaluation kits, interoperability in 
networking, and 3V circuits. Lots 
of new-product information is on 
tap as well. 





Begin a new era in PCB design 
productivity —with Protel for Windows. 


It’s a first — advanced PCB design tools in the Windows™ 3.0 environment. 
For the shortest learning curve. For the easiest-to-use EDA package ever. 
ee Windows, of course, brings a host of productivity- boosting features. Like 
multiple open documents. Virtual memory. Universal hardware support. 
8A, Multilevel Undo and Redo commands. Comprehensive on-line HELP 
Windows perfectly complements Protel’s all-new family of design 
tools—tools that set equally new price/performance standards. 
With capabilities like global editing. “WYSIWYG” print/plot auto- 
_ mation. More layers. Fast Design Rule Check. Global/interactive 
Al-based autoplacement. And Rip-up Autorouting. 
Call 1-800-544-4186 for a free demo that lets you evaluate 
_ Advanced Pack, our specially priced set of layout, autoplace- 
ment and autorouting tools. So, before purchase, you'll realize 
that — except in cost— these new Protel for Windows tools 
rival the most powerful, the most sophisticated, available. 


chnology 


Protel Technology Inc 
151 Bernal Road 
San Jose, CA 95119 


Electronic Design Automation Specialists 





30 day money-back guarantee. Call toll-free 1-800-544-4186 


Windows is a registered trademark of Microsoft Inc. © 1992 Protel Technology Inc. 
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Local Resources Speed 
ASIC Design Cycle 































asy access to ASIC support means 
fast design cycles—and fast time to 
market. Oki’s East and West Coast 
design centers offer the local, com- 
prehensive ASIC resources you 
need for quick turnaround times. 

With Oki, you work in a user- 
friendly environment equipped 
with state-of-the-art workstations, 
industry-standard CAD tools, 
advanced software support, and 
an experienced staff. We provide 
leading-edge 0.8um sea-of-gate, 
standard cell, and 3-volt technol- — 
ogy. Plus we assignataskteamto gf fff a = Cadence 
your project, ensuring a steady y : i | “ ‘ 
communications link and a y = | 4H Mentor Graphics 
speedy, successful design flow. | m 

For easy access to complete, a Preece’ VIEWLogic 
local ASIC design support, call = | eC f 
1-800-OKI-6388 today. To receive : : _ Synopsys IKOS 
Oki’s ASIC Capabilities Brochure, — 
ask for Package 057. 


Clock Tree Valid 


Timing 


/ Oe Simulation, ‘fault caging. design verification 
Design capture, simulation 
- Simulation, fault grading 


- Design capture, simulation : | 
Parade: Layout, clock and timing structures 


foes synthesis, test Synthesis 


i as capture, simulation 
tion 3100 oe check 
GED, ValidSIM, RapidSiM_ 


~ Design capture, simulation 
Design check 


All brands, product names, and company names 
are trademarks or registered trademarks of their 
respective owners. 


TRANSFORMING TECHNOLOGY 








Use PLD Tools. 
You design Actel FPGAs using 


the same tools as you would a PLD: 


ABEL™ CUPL™ LOG/iC™ and 
PGADesigner.™ But that’s where 
the similarity ends. 


oO. Me 


‘bit Accumulator. 





Fast. Fast. Fast. 


Our FPGAs are real speed demons. 
Whatever application you may 
be working on, our parts will 
give you the kind of performance 
you're looking for. 





You Design Actel Ff 
~YouDoA PLD. But 








100% Automatic Place And Route. 


Coupled with your PLD tools, 
Actel’s Action Logic™ System (ALS) 
software lets you create your 
own FPGAs — using a 386 PC or 
workstation — right at your own 
desk. With Auto Place and Route 
that's proven in thousands 


Announcing A Simple Way To Get 


From PLDs ‘To FPGAs. 


If you're a PLD designer 
with an interest in fast, 
flexible FPGAs, but you 
think you don’t have time 
to learn new design tech- 
niques, we'd like to change 
your mind. 

First of all, you don’t 
have to give up your exist- 
ing PLD design tools or 
Boolean equations. Actel's 
ALES" 1 program trans- 
lates the output of PLD 


tools like CUPL” and 
LOG/iC™ into logic opti- 
mized for our ACT™ 
devices. ABEL” 4.0 
includes optimization for 
Actel devices. Entire FPGA 
designs can be developed 
with PGA Designer.” 
Actel devices offer 
everything you want in an 
FPGA. Like high I/O and 
flip-flop counts. And 
100% automatic place 


of applications. 


and route gets you to observability of internal 
market fast. logic signals. So. you don’t 
Once your FPGA is have to give up testability 
designed, our Action Logic™ for convenience. | 
System (ALS) converts It's never been easier to 
the captured design into make your innovative 
a completed device in designs a reality. We offer 
minutes. Io give you true, you a complete family of 
high-density, field-pro- powerful FPGAs, like the 
. grammable, channeled A1010 and A1020, avail- 
gate arrays. able in 44, 68 and 84 pin 
Other FPGA manufac- PLCC versions and imple- 
turers fall short on design menting up to 273 flip- 
verification. Our exclusive flops or up to 546 latches. 
Actionprobe® diagnostic — And the first member of our 
tools, give you 100% ACT 2 family, the power- 


© 1991 Actel Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, ALES, PLICE, and Action probe are trademarks or registered trademarks of Actel Corporation. 


All other products or brand names mentioned are trademarks or registered trademarks of their respective holders. 
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GAs The Same Way 





More Flexibility And Capacity. 


Designing with Actel FPGAs 
gives you more freedom than you 
ever imagined. More gates. 
More flip-flops. More I/O. In fact, 
our new A1280 is the largest 
FPGA in the world. 


ful A1280. With 8,000 
gates, up to 998 flip-flops, 
and 140 I/O pins, it’s the 
highest capacity FPGA 
today. And our 
A1240-1 is the 
fastest. In the 
~A1240-1, 16-bit 
counters run at 
75 MHz, 16-bit — 


accumulators at 









































































































> Similarity Ends There. 


















































Small Footprint. 


Actel FPGAs give you far more 
gates per square inch. As much as 
ten times as many as the densest 
PLDs. That can save a lot 
of real estate. 


capacity, and auto place 


and route capabilities of 998 
our FPGAs are made pos- 
sible by Actel’s revo- 
lutionary PLICE”® ee 


antifuse program- 
ming element. The 
advanced technol- 
ogy that makes our 
_ family of FPGAs 


an ideal way to 


FLIP-FLOPS (Maximum) 
= 


293 


33 MHz. Enough unleash your engi- 
Capacity and The FPGA Design Guide neering creativity. 
speed to handle Call 1-800-228-3532 
almost any application. for your free FPGA 
The superior speed, Design Guide. 
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More Fun. 


Designing Actel FPGAs is so 


simple that you'll have more time 


to do the things that made you 
want to become an engineer 


in the first place. Or just relaxing. 


You've earned it. 


Broad Family With High Capacity 








AlZ80 





Al225 





A7020A A70Z20A AV020A 





 ATOI0A_-ATOIOA 


1/O PINS 


= 59chs/ 


DN To en ee ee ee 
Risk-Free Logic Integration 
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Progress Can Be Yours With 
Ihe Thousands Of Ideas 
Waiting For You Af 


NATIONAL ELECTRONIC PACKAGING AND PRODUCTION CONFERENCE 


Wh i Ga GSE WV. 


EAST ’92 
Conference: June 15-18, 1992 HI Exposition: June 16-18, 1992 
Bayside Exposition Center HI Boston, Massachusetts 


At NEPCON East ’92 you'll find everything you need for the design, manufacture 
and test of printed circuit boards. Attend NEPCON East ’92 and see first-hand the 
thousands of ideas waiting for your electronics manufacturing team. 


You'll find exciting ideas on how you can: 


| | WELCOME cry | 
shorten your time to market Ges NEPCON East 
Lower your production costs | Te : 
Start a Six-Sigma Quality program 

Increase your efficiency with sa 6a meld, 0a 2000" 


SDAY 


$. 


concurrent engineering NY fb "la Bee 
Improve your SMT : 
manufacturing operations 


Whether you discover them when 
you attend the Conference 
Program or find them in the over 350 
exhibiting companies - GREAT IDEAS 
wait you at NEPCON East ’92! 


Make plans to attend NEPCON East ’92 NOW/I...Clip this coupon TODAY to 
receive your pre-registration materials right away! 


Circle No. 18 For Exhibitor Information ) 3 Circle No. 19 For Attendee Information 


Clip and mail fo: 
NEPCON East ’92 Cahners Exposition Group 
1350 East Touhy Avenue, Des Plaines, IL 60018 


Please rush me pre-registration materials for NEPCON East ’92! 


For more information contact: 
Cahners Exposition Group 
Cahners Plaza 

1350 East Touny Avenue 

P.O. Box 5060 

Des Plaines, IL 60017-5060 
Tel.: (708) 299-9311 

FAX: (708) 635-157 1 


oS 


Name 
Title 
Company 
Address 


City state 
Country 


Phone FAX 


My company is interested in exhibiting in future NEPCON events. 
Please contact me at: 


For more information contact: NEPCON East ‘92 c/o Cahners 
Exposition Group, 1350 East Touhy Avenue, Des Plaines, IL 60018 
Phone:(708) 299-931 1 FAX:(708) 635-1571. A2 l 
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A great face can open a lot of doors. Ours will take you into a world of digital oscil- 
loscope technology that until now has existed only in the maddening pages of some 
instruction manual. You'll find this face on every TD S scope we make. Intuitive, 
affordable scopes so easy to use, you'll feel like a digital expert whatever your back- 


ground. Tektronix. When it comes to digital scopes, we've put on a whole new face. 


Now all you have to do is get in it. 


Tektronix 


Test and Measurement 








GO AHEAD. PULL THE TRIGGER 0) 








fE LITTLE RUNT. 


ur new TDS 620 and TDS 640 digital oscilloscopes make triggering so easy, it's just like target practice. 
ee, with an extraordinary sampling rate of 2 GS per second on all 4 channels at once, you can get a 
recisely detailed look at what you're aiming at. And with the ingenious TDS user interface and application- 
ecific icons, you can now quickly access nearly a dozen extended trigger functions, including runt. logic 
nd glitch. Better still, either model is available for a price noticeably lower than any competitive scope. 
ne undeniably accurate, remarkably affordable, intuitively trigger-happy TD S 600 Series digital 


copes from Tektronix. Without a doubt, they'll make your day. TALK TO TEK/1-800-426-2200 EXT. TDS7 
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FOR ERROR. And that's exactly why we built the TDS 


820. The digital oscilloscope that's accurate to within 2 DS 
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and provides time resolution in femtoseconds. In fact, at 0.40 ps 


with a 6 GHz bandwidth, now even the narrowest timing 


margin is nothing to be afraid of. Combine that with the intuitive 
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TDS user interface, and applications like device characterization 


a 
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require nothing more than the push of a button. Better still, there 
is another aspect of the TDS 620 that, upon compari- 


son with any so-called competitive scope, will ease your toughest 


. 
—— 
Nee 


spate 
— 
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ee margin of all: The price tag. TALK TO TEK/1-800-426-2200 EXT. TDS7 


Tektronix 


Test and Measurement 












BESIDES EASE OF USE, 
WE ALSO CONSIDERED 





At Tektronix, we designed our TDS Series user interface to be the picture of simplicity. Then, because 
everybody's needs are different, we framed it seven different ways. For instance, besides the TDS 620, 
640 and 820, we also build the TDS 420, 460, 520 and 540. 


On the 2 channel TDS 520 and 4 channel 540, you 


get 500 MHz bandwidth and up to 50k record lengths. A single-channel sampling rate of | GS/sec on the 





TDS 540 and 500 MS/sec on the 520—combined with edge, pattern, state, glitch, runt & pulse 
width triggering—greatly simplifies debugging and fault isolation. What's more, both feature built-in 
FFT analysis. Or, for a more economical solution, take a look at the 


TDS 4 20) and TDS 46() First off, they provide up to 


350 MHz across 4 channels, at a cost usually found on 2 channel scopes. They provide video triggering, 





a 30,000 record length, and a sampling rate of 100 MS/sec. And both feature 5 different acquisition 
modes: sample, peak detect, high-resolution, envelope, and average. All of which you'll find amazingly 
accessible thanks to the ingenious TDS user interface. The TDS Series of digital oscilloscopes from 


Tektronix. For more information, don't hesitate. Get in our face. TALK TO TEK/1-800-426-2200 EXT. 1037 


Tektronix 


Test and Measurement 
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ASK EDN 


Address found for European 
Free Trade Association 


Sa eee eee 

In the February 17, 1992, issue of 
EDN, Brian Kerridge mentions the 
European Free Trade Association 
(EFTA) in his article, ‘“European 
manufacturing contractors encourage 
close relationships,” (pg 58). Could 
you give me the EFTA’s address and 
FAX and phone numbers? 

Victor Meeldijk 

DRS Military Systems 

Oakland, CA 


The information is 


European Free Trade 
Association Secretariat 
9-11 Rue de Varembé 
CH-1211 Geneva 
Switzerland 

(41) (22) 749-1111 

FAX (41) (22) 733-9291. 


Real-time-programming 


book is in print 


Some months ago, EDN published a 
series of articles based on my book, 
An Implementation Guide to Real- 
time Programming. Since then, many 
people have reported that they were 
having difficulty locating the book. 
(Murphy’s Law had struck; the notice 
of publication was never sent to Books 
in Print). The book is very much in 
print. It is available from Prentice 
Hall (phone (800) 223-1360) as ISBN 
0-13-451873-X. 

David L Ripps 

Industrial Programming Inc 

Jericho, NY 


Thanks for the information. For those 
who missed Mr Ripps’ series on real- 
time programming, in 1990 it ran in the 
September 17; October 1, 11, and 25; 
and November 8 and 22 issues. The se- 
ries continued into 1991 in the January 
3 and 21, and February 4 and 18 issues. 
The book on which the series was based 
costs $51. 


LCD bar-graph module 


may have to be a custom part 


For many months I have been at- 
tempting to find an LCD bar-graph 
module for a range of instruments my 
company is hoping to introduce soon. 


EDITED BY JULIE ANNE SCHOFIELD 


The module is to accept an analog in- 
put and display a corresponding 
amount on the bar graph either as a 
moving segment or as a bar. I have 
located drivers from Teledyne and 
Philips but cannot locate suitable dis- 
plays. I have also located bar-graph 
displays but not suitable drivers. 
There always seems to be a disparity 
in the number of segments or the ar- 
rangements of the backplanes. 

I have contacted semiconductor 
manufacturers and some LCD manu- 
facturers without success. The best I 
have achieved is the offer of a custom 
display. At the current stage of our 
project, the risk is too great for this 
commitment. 

Can you suggest a ready-made mod- 
ule or a driver-display pair? I am look- 
ing for between 20 and 100 segments 
in either a straight-line or circular 
format. The dimensions should be in 
the order of 50 to 100 mm long for a 
line or 50 mm in diameter for a circle. 
S Morris-Jones 
Actferry Ltd 
Harrow, Middlesex, UK 


The LCD manufacturers we contacted 
indicated that what you are looking for 
would most likely be a custom part. 
However, if any reader knows of any 
such devices that are available in small 
quantities for this project, please share 


the information with Ask EDN. 


View Windows 3.0 
in a rainbow of colors 


Does anyone know how—or if—it’s 
possible to change the color of the 
topic text (the text you click on for 
more information) in Microsoft’s 
Windows 3.0 software? I use an off- 
white background color because I find 
the white hard on my eyes, but the 
green the help program uses for the 
topics provides too low a contrast for 
me to read easily. I cannot determine 
if the color information is stored in 
the help.exe file or in the individual 
help files. 

Gary Treible 

Fincor 

York, PA 


Microsoft’s applications engineers say 
there’s no documented way to change 
the color of the text. However, Jack 
DeLand, a consultant with Adam Char- 
les Consulting Inc, does know how to 
change the Help jump-text color in Win- 


dows 3.0: First, open the Color dialog 
box from the Control Panel. Find the 
color you want and write down the red, 
green, and blue values. Edit the [Win- 
dows Help] section of the win.ini file 
thus: 


JumpColor = <RGB value> 
PopUpColor = <RGB value> 


For example, 


JumpColor =0 0 1380 
PopUpColor = 130 0 0 


yields deep blue for jump topics and 
dark red for glossary terms. Because 
you’re changing the win.ini file, the 
change affects all the help files. 


Consultant has hot tip 
for parts source 


Here’s the place you probably sus- 
pected was lurking somewhere all 
along—the treasure trove of old elec- 
tronic parts: Electronic Expediters 
Inc. I highly recommend them. 
They’ve gotten me out of several jams. 
They’re easy to deal with, and the 
prices are reasonable. Have them send 
you a catalog. And put their address 
in your column. 

John Fallwell 

Consultant 

Topanga, CA 


Bravo! We are pleased to pass on the 
following information: 


Electronic Expediters Inc 
14828 Calvert St 

Van Nuys, CA 91411 
(818) 781-1910 

FAX (818) 782-2488. 


Mr Fallwell also pointed out that this 
company has a supply of the Signetics 
$8233 and the Texas Instruments 
SBP9989. The March 2, 1992, Ask EDN 
included letters from readers Clancy 
Sloan and Jeroen van der Wateren, who 
were searching for these parts. 


Ask EDN solves nagging design prob- 
lems and answers difficult questions. 
Address your letters to Ask EDN, 
275 Washington St, Newton, MA 02158. 
FAX (617) 558-4470; MCI: EDNBOS. 
Or send us a letter on EDN’s bulletin- 
board system at (617) 558-4241: From the 
Main System Menu, enter SS/ASK_EDN 
and select W to write us a letter. 
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TK114xx 
2.0V 2.5V 3.0V 3.25V 3.5V 3.75V 4.0V 4.5V 4.75V 5.0V 5.5V 6.0V 8.0V 
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¢ 200 mW Power Rating ¢ ON/OFF Switch 
¢ Super Small SOT23L Package ¢ Internal Protection Features 








TKI115xx 


2.0V 259 3.0V 3.25N 3.5V 4.0V 4.5V 4.75V 5.0V 5.5V 8.0V 
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¢ 600 mW Power Rating ¢ ON/OFF Switch 
¢ Low Noise ¢ Active HIGH and Active LOW Control 





¢ Internal Protection Features ¢ External Boost Transistor Connectable 









TK116xx 


Vv 3.0V 3:25N. a5 
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¢ 500 mW Power Rating ¢ Internal Protection Features 


Call Your TOKO Representative For Data Sheets and Additional Information 





TOKO AMERICA, INC. e | MIDWEST: (708) 297-0070 
icorecramite ve — [Se QAO 5s 
Mount Prospect, IL 60056 . Reet pada, 9 
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Commercial Low Cost Molded & 
Conformal Coated Inductors 


Series 9110 and 9130 Molded induc- Series 77F & 78F Conformal Coated 
tors from .10 uH through 1000 uH... —_ inductors from .10 uH through 1000 uH 
Manufactured in accordance with all ...Manufactured with same quality as 
MIL-C-15305 requirements. MIL-Spec. 


Prompt Quotes...Evaluation Samples. ..Catalog On Request 
5 
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qj J.W. Miller Division 

BELL INDUSTRIES 

306 E. Alondra Blvd., Gardena, CA 90248 

Phone: 310-515-1720 FAX: 310-515-1962 

Since 1924, Leading Manufacturer of Standard and Custom Inductors 
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Annual Symposium on Frequency 
Control, Hershey, PA. Michael Mi- 
rarchi, Synergistic Management 
Inc, 3100 Route 138, Wall Town- 
ship, NJ 07719. Phone (908) 280- 
2024. May 27 to 29. 


1992 Mathematica Conference, 
Boston, MA. Wolfram Research 
Inc, 100 Trade Center Dr, Cham- 
paign, IL 61820. Phone (217) 3938-— 
0700. FAX (217) 398-0747. May 27 
to 31. 


Silicon Mountain Symposium, 
Colorado Springs, CO. Colorado 
Marcom Network, Box 49462, Colo- 
rado Springs, CO 80919. Phone 
(719) 540-1842. May 31 to June 2. 


Windows Solutions: International 
Conference and Exposition for 
Windows Application Builders 
and Systems Integrators, New 
York, NY. Windows Solutions, 
Boston University Corporate Edu- 
eation Center, 72 Tyng Rd, 
Tyngsboro, MA 01879. Phone (508) 
649-4200. FAX (508) 649-2162. June 
1 to 5. 


International Microwave Sympo- 
sium, Albuquerque, NM. IEEE, 
Box 1331, Piscataway, NJ 08855. 
Phone Tammy Ferguson, (505) 845- 
8806. June 1 to 5. 


EEsof Users’ Group Meeting, Al- 
buquerque, NM. Linda Harmon, 
5601 Lindero Canyon Rd, Westlake 
Village, CA 91862. Phone (818) 879- 
6200. FAX (818) 879-6467. June 2. 


International VLSI Multilevel In- 
terconnection Conference, Santa 
Clara, CA. Dr Thomas Wade, Col- 
lege of Engineering, University of 
South Florida, 4202 Fowler Ave, 
Tampa, FL 33620. Phone (813) 974- 
3786. FAX (8138) 974-5094. June 
2 to 3. 


Test & Design Expo, Somerset, 
NJ. Miller Freeman Expositions, 
1050 Commonwealth Ave, Boston, 


Get A Load Of This! 


Constant power mode 
(plug-in card option) 





Simultaneous 
display of 
settings and 
measured 
values 


150, 300, 600 
and 1000W 
models; can 
be paralleled 


Store 
settings 
for every 
operating 
mode 


Memory cards hold set-up data Convenient front-panel 


For bench or systems use controls 


Closest Thing Yet To A 
Real-World Load 


No more testing trade-offs! Kikusui’s PLZ- the front panel or the optional GPIB or RS-232C 


3W series has everything you want in an electronic 
load. Four operating modes — constant current, 
voltage, resistance and power — let you simulate 
any real-world loading requirements. 

Recreate your actual load demand on the 
PLZ-3W by capturing it with a DSO. Then use 
Kikusui’s exclusive sequence mode, which acts as 
a 10 bit arbitrary waveform generator, to accurately 
replay the captured waveform 
on the load. For added flexibil- 
ity, you can program functions 
and read measured values from 
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@KIKUSUI 


KIKUSUI INTERNATIONAL CORP. 


interfaces. Additional advances include program- 
mable rise and fall times, slew rates to 4 A/psec, 
soft start and short circuit capabilities, plus such 
convenience features as front panel calibration. 

Find out how easily you can produce in- 
credible load simulations for research, testing 
and manufacturing of all DC power devices. 
Contact us by calling toll free 1-800-545-8784 or 
by fax at 1-310-986-1624. 
Kikusui International Corp., 
1980 Orizaba Ave., Signal Hill, 
CA 90804. 
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Advertisement 





IEEE 488 Bus Analyzer— 









IOtech’s Analyzer488 can record bus 
transactions into its 32 Kbyte nonvolatile 
memory at thel Mbyte/s maximum speed 
of the IEEE 488 bus. The unit can be 
employed as a PC-based bus analyzer, an 
IEEE 488 bus controller, or an instrument 
simulator. This suits it for applications 
such as software test, instrument design, 
and system troubleshooting. 


Real-Time Monitoring. Analyzer488 per- 
mits viewing of data captured into its 
memory, or in real time. Real-time view- 
ing is enhanced by the unit’s ability to 
single step the bus or reduce its speed to a 
few transactions per second. 


Continuous Capture. Analyzer488’s cir- 
cular memory permits it to retain the last 
32,000 recorded bus transactions, even in 
the event of a power failure. Combined 
with its pattern triggering capability, this 
feature makes the unit useful in monitoring 
round-the-clock applications to detect in- 
termittent problems. 


Benchtop Bus Analysis. Users can em- 
ploy Analyzer488 as a benchtop unit via its 
front-panel, which includes a keypad with 
special function keys, such as pre- and 
post-trigger setup, and a fluorescent dis- 
play. Its display indicates command line 
states, displays bus data in binary and 
hexadecimal formats, and lists bus trans- 
actions in IEEE488 terms suchas “TAG16” 
Gr SPE.” 
CIRCLE NO. 33 
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Front Panel and PC Operable 


SS iA SO SSNS 


1Otech’s versatile Analyzer488 can capture bus transactions at up to 1Mbyte/s 


PC-Based Bus Analysis. Unlike PC 
plug-in board-based bus analyzers, which 
require an expansion slot, Analyzer488 
can be operated from a PC’s serial port. It 
includes Analyst488 software, which fea- 
tures a Windows-style user interface for 
ease of use. Analyst488 software also 
permits users to display acquired data in 
binary, hexadecimal, character, or mes- 
sage format, and lets them select data 
blocks for saving to disk, printing, or 
searching. 


Measurement. Users can employ 
Analyzer488 to measure the time be- 
tween bus transactions. For example, to 
determine a digital oscilloscope’s data 
throughput rate, Analyzer488 can be set 
to start measuring when the scope has 
been addressed to talk and to stop mea- 
suring after a prescribed number of trans- 
actions. The unit will then indicate elapsed 
time and average transfer rate. 


Bus Control & Instrument Simula- 
tion. Analyzer488 can also be employed 
to control as many as fourteen IEEE 488 
instruments, or to simulate instrument 
transactions such as Talk, Listen, and 
Trigger. 


Pricing. Analyzer488 is $1,795 and is 
available from stock. For a free applica- 
tion note or other technical information, 
call 1Otech at (216) 439-4091 or fax your 
request to (216) 439-4093. 
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MA 02215. Phone (800) 223-7126; 
(617) 232-3976. FAX (617) 730-5708. 
June 2 to 4. 


International Conference on Con- 
sumer Electronics, Rosemont, IL. 
Diane Williams, 67 Raspberry 
Patch Dr, Rochester, NY 14612. 
Phone (716) 392-3862. June 3 to 5. 


ACM/IEEE-CS Design Automa- 
tion Conference, Anaheim, CA. 
Dan Schweikert, Cadence Design 
Systems, 555 River Oaks Pkwy, 
Bldg 4, San Jose, CA 95132. Phone 
(408) 944-7297. June 8 to 12. 


Usenix Association Technical 
Conference, San Antonio, TX. 
Usenix Conference Office, 22672 
Lambert St, Suite 613, El] Toro, CA 
92630. Phone (714) 588-8649. FAX 
(714) 588-9706. June 8 to 12. 


International Conference on In- 
telligent Tutoring Systems, Mon- 
treal, PQ, Canada. Claude Frasson, 
University of Montreal, 2900 boul 
Edouard-Montpetit, Dept IRO, 
Montreal, PQ H8T 1J4, Canada. 
Phone (514) 348-7019. June 10 to 12. 


Software Development 92 Exhibi- 
tion and Conference, London, 
England. Blenheim House, 630 
Chiswick High Rd, London W4 
5BG, UK. Phone (81) 742-2828. 
FAX (81) 747-3856. June 16 to 18. 


European Fibre Optics and LAN 
Exposition, Paris, France. IGI 
Europe Inc, Clarastrasse 57, Box 
6, CH-4005 Basel, Switzerland. 
Phone (61) 691-8888. FAX (61) 691- 
8189. June 22 to 26. 


Statistical Process Control in 


Semiconductor Manufacturing 
(short course), University of Cali- 
fornia, Berkeley, CA. University of 
California Extension, Dept B, 2223 
Fulton St, Berkeley, CA 94720. 
Phone (510) 642-4151. FAX (510) 
643-8683. June 29 to July 1. 


Presenting ‘Two 
Plans For 
IC Development — 


(Guaranteed To 
Reduce Your... 











—'Time-to-Market. 





Our prototype services can take your designs from tape to packaged 
parts in 20 calendar days or less. Guaranteed. 


So you get your products to market faster. Or regain time lost to 
engineering delays. 


¢ Prototypes in 20 days 

e Custom processes 

e Non-competitive second source 
e Fast pre-production quantities 


Cut your development cycle with Orbit Semiconductor’s prototyping 
service. Call (800) 331-4617. In California (800) 647-0222 or 
(408) 744-1800. FAX (408) 747-1263. 
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Our Foresight multi-project wafer processing program can dramatically 
cut the cost of IC prototyping while reducing your time to market. 


¢ Foresight runs start every Wednesday 

e Five week turnaround ; 
¢ Dramatic reductions in prototyping costs 
¢ Debug mixed signal ICs while in design 


Don’t wait to start cutting your NRE. 
In fact, call (800) 331-4617, and you can start right away. In California 
(800) 647-0222 or (408) 744-1800. FAX (408) 747-1263. 





SEMICONDUCTOR, INC. 
What others promise, we guarantee. 
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Your friends would tell you if they were 
using a LONBUILDER 2 Developer’s Workbench 
to develop new products, wouldnt they? 


Not if they’re also your competitors, they won't. 

Because using a LONBUILDER™ 2 Developer’s Workbench and LONWORKS” technology gives them a tremendous advantage. 

They can develop and produce intelligent distributed control applications very quickly and inexpensively. And market new 
products that can interoperate and perform more functions, more efficiently 

For example: In an office environment, switches, lights, security sensors, and thermostats from different manufacturers can 
work together to maximize efficiency and productivity. On a factory floor, equipment 
can be tied into the building automation system to maximize control and conserve 
energy. The applications are endless, and the companies that develop them first 
will reap the benefits. 

At the heart of this competitive advantage is LONWORKS control network 
technology, developed by Echelon® LONWORKS networks are made up of a series 
of interoperating “nodes:’ Each node contains a NEURON® CHIP. made by Toshiba, 
the first company to ship them in production quantity. There are two types: the NEURON 3120” CHIP for applications where 
size and cost are most critical: and the NEURON 3150” CHIP with external memory support for more complex applications. 


© 1992 Echelon Corporation. LONWORKS, LONBUILDER, LONTALK, 3120 and 3150 are trademarks, and Echelon, LON and NEURON are registered trademarks of Echelon Corporation. Other names may be trademarks of their respective companies. 











Each node also contains an interface that allows NEURON CHIPS to communicate over a wide variety of common media, 
using the common LONTALK™ protocol. 

There are a host of LONWORKS products available, including control modules, bridges and routers, network management 
tools, and the LONBUILDER 2 Developer’s Workbench. 

Really 3 tools in I, the Developer's Workbench is: a multi-node system for developing and debugging LONWORKS nodes: 


a network manager for installing and debugging the integrated network; and a protocol analyzer for network monitoring and 
testing. An easy to use interface called LON*® Navigator takes you through the process, 


then compiles, links, loads and configures your applications with a single command. 

All of which makes LONWORKS technology the first low cost, off the shelf solution to 
your distributed control application needs. More than 200 companies have already 
recognized its potential and are using LONBUILDER 2 Workbenches to develop their 
next generation of products. 

Call for more information about how quickly you can begin using your own 
LONBUILDER 2 Developer's Workbench to add LONWORKS control network technology to your products. Then you won't 
have to ask your friends about the advantages. You can show them. 

For more information and the location of the Toshiba Demonstration 
Office nearest you, call the LONWORKS Hotline at 1-800-879-7566. = ECH ELON 
Or fax 1-415-856-6154. (From outside the ULS., please fax.) Or write — 
to Echelon Corporation, 4015 Miranda Avenue, Palo Alto, CA 94304. 
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Worldwide Microwave and RF Circuit Design News 








The Key Building Block in 
High-Frequency EDA Applications 


From cellular and satellite 
communications to radar and 
electronic defense, EEsof’s 
electronic design automation 
(EDA) software suite is the key 
building block in today’s rapidly 
growing RF and microwave 
applications. In fact, EEsof is the 
world leader in EDA software tools 
for high-frequency analog circuit 
and system design. 

Top electronic engineering firms 
like AT&T, General Electric, IBM, 
Motorola, Raytheon and Texas 
Instruments use EEsof’s powerful 
design-for-manufacturing software 
to increase design efficiency, 
reliability and yields while 
reducing time-to-market. _ 

Our easy-to-use tools provide 
engineers with a complete — 
__ hierarchical suite to support 





rein tete 


advanced circuit design... from 
top-down design of high- 
frequency systems, to bottom-up 
development of detailed electrical | 
models. EEsof provides the most | 
complete line of high-frequency | 
simulators, along with libraries of | 
circuit and system models. We | 
support industry manufacturing 
standards like Gerber,” 

GDSIL™ and 
IGES”™ and 
interfaces to 
Cadence, 
Mentor 
Graphics 


















and other top EDA vendors. 
Make EEsof the key building 
block in your applications. Call, 
FAX or write EEsof for more 
information on the complete 
suite of 
inte- 
grated 
high- 
frequency 
analog ee 
simulation software. : 
5601 Lindero Canyon Road 
Westlake Village, CA 91362 USA 
Phone: 1-800-34-EESOF 
FAX: 1-818-879-6467. _ 
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Jesse H. Neal 

Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1991, 1990, 1988, 1983, 1981 


EDN-EDITORIAL 





In praise of freedom 


When my father died earlier this year, 
I wondered what it was that helped cre- 
ate such a strong bond between us. Our 
bond went deeper than the love between 
a father and son. One of the things that 
I think contributed to that, and that I 
most thank my Dad for, is the freedom 
he gave me to try new things, to experi- 
ment, and to fail. 

Once when I was eight or nine, some 
friends and I disassembled a large dry 
cell in the basement just to see what 
was inside. If we knew what was inside, 
maybe we could make our own batter- 
ies. The black powdery insides of the 
battery went all over the floor, perma- 
nently staining the concrete. When he 
discovered what we had done, Dad gave 
us a lecture about placing newspapers 
under experiments and then he showed 
us how to make a battery out of a lemon 
and a stack of coins. 

At about the same time, Dad helped 
out when we had trouble setting up a 
telegraph from one bedroom to another. 
Dad let us run strands of thin wire sal- 
vaged from an old transformer to make 
the connection. When the telegraph 
didn’t work and we didn’t know why, 
Dad told us about the high resistance 
in the thin wire and suggested using 
heavier wire. He never said a word 
about how we had “neatly” stapled and 
taped the wires to the hall molding. In- 


stead he suggested running the new 
wires out one window and in another 
to avoid tripping people in the hall. We 
got the point. The newly wired tele- 
graph worked the first time. 

Some years later, my brother Chris 
decided to build his own submarine with 
which he could explore the harbor near 
where we lived. Chris was about 12. 
Dad knew the submarine would sink, 
but he gave Chris the freedom to build 
it and to take over half the garage as 
he did. Dad drew the line at launching 
the sub from the town dock and instead 
took us to a shallow beach where the 
submarine dove into two feet of water 
and never surfaced on its own power— 
or ours. Even though the sub had failed, 
Chris had the opportunity to try it. He 
went on to take up scuba diving and 
enjoyed it for many years. 

As I look at my own children, I hope 
that I’ve given them the freedom they 
need to develop their own personalities 
and interests. Although no parent likes 
to see a child fail, part of freedom is 
watching offspring try, fail, try some- 
thing new, and eventually, we hope, 
succeed. Encouragement and praise 
play roles, too. Along with the enjoy- 
ment of freedom comes the responsibil- 
ity to pass it on to others without condi- 
tion. Then it’s up to them to decide what 


to do with it. 


Jon Titus 
Editor 


Send me your comments via FAX at (617) 558-4470, or on the EDN Bulletin Board 
System at (617) 558-4241 300/1200/2400/9600, 8, N, 1. 


y 
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Low Delays. 





High-Speed 7.5ns CMOS PAL Devices. and clock-to-out times available. Both come 
There's nothing we hate more than delays. in PLCC and DIP varieties. All on state-of-the-art 
That's why we developed high speed CMOS ~_—_s submicron EE CMOS. 


PAL devices that no one can beat—our High-Volume, High-Speed Delivery. 

CMOS 7.5ns 16V8H-7 and lOns 22V1OH-10 Again, there's nothing we hate more than 

PAL devices. delays. You can get huge volumes of our new 
In fact, nobody even comes close to our =CMOS PAL devices now. 

in-system performance, with the fastest set-up And theyre on the shelf at your local dis- 


For more information write "High Speed CMOS PALs’ on your letterhead and mail to, in Europe: AMD Mail Operations, PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom; in Asia: 
Advanced Micro Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Rd., Hong Kong; in Japan: AMD Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 
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tributor, too. So you can get the quantity and Because at AMD, we don't believe in long 
speed you need, whenever you need them. delays either. 

What more can you expect from the com- 
pany that sells more programmable logic ‘4 


than all of its competitors combined? z - 
So pick up the phone and place your Advanced Micro Devices 


order today, or call your local sales office for 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc. 


: : PAL is a registered trademark of Advanced Micro Devices. All brand or product names 
more infor mation. mentioned are trademarks or registered trademarks of their respective holders. 


International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 24061; Hong Kong 86 54 525: London area (0483) 740440: Manchester area (0925) 828008: Milano (02) 3533241: 
Munchen (089) 4114-0; Osaka (06) 243-3250; Oslo area (02) 531324; Paris(1)49 75 10 10; Seoul (02) 784-7598: Singapore (65) 348 1188; Stockholm (08) 986180: Taipei (02)715 3536; Tokyo (03) 3346 7550 
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Computers and Communications 


Memories of Tomorrow. Available Today. 





call us at. 
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L ow-voltage chips give you new design freedom. They not only 
decrease power consumption, they also reduce noise and heat con- 
cerns. NEC is the leader in developing low-voltage memories that offer 
outstanding performance across the full spectrum of memory needs. 


4M DRAMs 
Low-voltage 4M DRAMs available today include: 

x8, x9, x16, x18 configurations for 3.3V+0.3V 

x1, x4 configurations for 3.3V+0.3V, 3.0V+0.3V, 3.0V—5.5V 
The x1 and x4 devices are forerunners of a new generation of 4M 
DRAMs, fabricated with the 0.55y process developed for our 16M 
DRAMs. They have plenty to offer besides low-voltage operation. 

LI Access speed: 60ns. LO Self-refresh function. 

LI Package types: SOJ, ZIP, TSOP. 
We'll soon introduce x8, x9, x16 and x18 versions and 16M DRAMs, 
all at the three low-voltage regions. 


SRAMs 

Low-voltage SRAMs to meet your needs for lower power applications 
are available in both 256K and 1M densities. These devices require 
only 3.0V power supplies and are specifically designed for all hand- 
held and battery-backed applications. They come in SOP and 

TSOP packages to save you board space as well as power. 

Fast statics are available in 3.3V for 64K and 256K densities. 


If your design calls for low-voltage memories, you'll find exactly 
what you're looking for at NEC. Call us today for information about 
our comprehensive development program covering DRAMs, 
SRAMs, Mask ROMs, EPROMs, and VRAMs. 


From the leader in memory technology 


NEC 
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Why settle for just a data generator when you can and no edge placement restrictions — for less than 
have a data generator, pulse generator and switch the cost of a data generator alone! 
matrix all in one? The HFS 9000 Demo it once, and you'll never 


The new Tektronix 
HFS 9000 Data Time Generator: 
memory depth, 1 ps timing Now get complete stimulus Talk to your Tek account 


resolution, 630 MHz all without going to pieces. manager today, or call 


comes ready to use, with 64K go to pieces again. 


formats, variable 1-800-426-2200, 






transition time, Ext. 75. 





Tektronix 


res and Measurement 
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You can get a sur- 
prising amount of 
utility from low- 
cost schematic-en- 
try and pc-board- 
layout software. 
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PC-BASED DESIGN SOFTWARE 


Schematic capture and 
pc-board layout on $1600 


DOUG CONNER, Technical Editor 


Dozens of companies sell schematic- 
entry and pc-board-layout software for 
personal computers. I chose Accel’s 
Tango-Schematic and Tango-PCB Plus 
products to design the pe board I used 
in my FPGA hands-on series, which ran 
in the April 9 and April 23 issues of 
EDN. However, many other products 
fit the same general price and perform- 
ance range (Ref 1). (Editor’s note: EDN 
will review other schematic-entry and 
pce-board-layout software packages in 
the future.) 

You can create simple to moderately 
complex board designs with low-cost 
software such as Accel’s Tango prod- 
ucts. You can also design more complex 
pe boards using such software. But as 
you move beyond 4-layer designs you 
may find the capabilities of higher- 
priced pc-board-layout software—such 
as creating padstacks, blind and buried 
vias, and copper pours; automatic place- 
ment; and autorouting—to be worth the 
extra money. 

Using software always 
starts with installing 
it on your computer. 
Tango products work 
with as much as 382 
Mbytes of expanded 
memory—much more 
than the standard 640 
kbytes available in DOS. 
Because I have extended 
memory on my computer, 
I used MS-DOS 5.0’s abil- 
ity to emulate expanded 
memory with extended 
memory. 

I’ve used schematic- 
entry software on both 
workstations and per- 
sonal computers and sel- 


dom notice significant differences be- 
tween the two. The critical hardware 
factors are the size and resolution of the 
display and the speed of the computer. 
Tango-Schematic works with displays 
that have resolutions as great as 
1024 x 768 pixels; I used a VGA display, 
which has a 640 x 480-pixel resolution. 
I ran the software on a 33-MHz 486- 
based computer, which provides nearly 
instantaneous screen redraws and com- 
pares favorably with workstation-level 
performance. 

Significant software factors are the 
time you need to learn the software and 
the time you'll take to design a circuit 
once you've become familiar with the soft- 
ware. In theory, you should only have 
to learn software once. But if you’re an 
occasional user and the software is diffi- 
cult to use, you may end up relearning 
it every time you use the system. 

A package’s menu structure can aid 
or hamper learning and using software. 


Ro Select the Pattern te be diepliaued fron the list. 





When looking for components or patterns for schematic-entry or 
pc-board layout, a graphics- and text-based browse feature helps 
you zero in on the correct part quickly. 
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So many 
switch 
choices. 


Slide, piano, rocker, button, 
thru board or surface mount. Augat/ 
Alcoswitch's GD Series DIP switches 
offer you one solution. 


‘The end stackable GDS model is up 
to 26% smaller than other low profile dip 
switches. This space saving design lets 
you reduce the size of your PCB or place 
more components on it. Also, laying out 
your board now becomes easier. All holes 
are on a .100 x .300 grid regardless of 
how many switches you stack. 


For surface mount boards the GDH 
half pitch DIP is only .244" W x .444"L for 
the 8 position version. All GD series DIPS 
are molded in high temperature polymer 
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which withstands 260°C 
reflow soldering temperatures. 


No cumbersome tape tab to in- 
terfere with component placement 
equipment. Our unique corner notch 
allows easy tape removal. 


We encourage you to get complete 
technical and delivery information on 
these or any other Augat interconnection 
components you require. 
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UG A Quality 


and Innovation 
INTERCONNECTION PRODUCTS DIVISION 





452 John Dietsch Boulevard 
Attleboro Falls, MA 02763 USA 
Tel: (508) 699-9800 FAX: (508) 699-6717 
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I give Tango-Schematic’s flexible 
menu structure high marks. Menus 
are two levels deep, although some 
- operations call up dialog boxes 
when you need to make more deci- 
sions. The shallow menu structure 
helps you learn the menus and how 
to navigate through them quickly. 

If you prefer to select functions 
using a mouse, you can do so from 
the standard menus; the quick 
menus at the bottom of the screen; 
and, for special functions like zoom, 
the hot spots in the corners of the 
screen. I find using a mouse satis- 
factory. for learning software and 
for menus I use infrequently. 

For functions I perform often, 
such as moving a component, I pre- 
fer to select using the key letters 
or function keys on the keyboard. 
On Tango-Schematic, the key let- 
ters are underlined on the menu for 
easy learning. Once you learn the 
software, you'll find you can work 
fastest by using one hand on the 
keyboard to make function selec- 
tions and one hand on the mouse 
to select and place objects on the 
schematic. 

You can quickly create custom 
macros with a record function and 
assign them to a function key or the 
middle key of the mouse. The soft- 
ware also has an auto-pan feature, 
which lets you move the cursor off 
the edge of the screen to pan to the 
new area. 

I went through the supplied tuto- 
rial to become familiar with the 
software and then went to work on 
my schematic. 

Probably the most time-consum- 
ing part of schematic entry—out- 
side of actually dreaming up the cir- 
cuit—is creating components that 
aren’t in the software’s library. 
Tango-Schematic has a library of 
about 11,000 components, which in- 
cludes 7400-series logic chips, mi- 
croprocessors, memory chips, and 
linear and discrete parts. 

The library includes both ANSI 
and IEEE representations of parts. 


Where appropriate in the digital li- 
braries, you'll also find Demorgan 
equivalents. You can browse 
through libraries by looking at the 
schematic symbol while searching 
through a list. You can also use 
wild-card searches to help you find 
components. When you go to place 
parts, you can rotate and flip sym- 
bols to get the best representation 
for your schematic. 

The library classifies components 
in two categories: homogeneous and 
heterogeneous. An example of a ho- 
mogeneous component is a 7400 
logic chip in which the 2-input 
NAND gates are schematically 
identical except for the pin num- 
bers. An example of a heterogene- 
ous component is a relay whose coil 
and contacts are schematically dif- 
ferent elements but electrically 
linked. Heterogeneous parts let you 
show the symbols and wiring to—in 
the case of the relay—both the coil 
and the contacts on the schematic, 
yet still keep them logically linked 
in the same part. 

In the real world, you almost al- 





ways have to create some compo- 
nents for your schematic. My design 
was no exception. The 84-pin FPGA 
I created and several linear and 
data-conversion parts weren’t in 
the library. The NEC RAM I used 
wasn’t in the library either, but a 
similar version from Toshiba was, 
so creating that part was a simple 
renaming. Even on my relatively 
small circuit I had ample opportu- 
nity to use the software’s schematic 
library editor. 

When you can’t find the compo- 
nent you need in one of the compo- 
nent libraries, you can jump di- 
rectly to the library editor without 
leaving your schematic. There, you 
draw the component and add it to 
the library. The software’s tutorial 
takes you through the steps. Creat- 
ing components, including those 
with multiple parts such as a dual 
comparator, is easy. 

Reworking a schematic symbol is 
also easy. In some cases I find that 
after I’ve created a symbol and 
placed it in the schematic, it needs 
some changes. Perhaps I want to 
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The rats nest helps you arrive at a satisfactory component placement before you start 
to route the board. 
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move some of the pins around or 
change a pin name. Editing the 
component, placing it in the library, 
and updating the schematic takes 
only a minute or two. 


Hierarchical design 


Tango-Schematic lets you pro- 
duce a hierarchy of schematics us- 
ing top-down or bottom-up design. 
Hierarchical designs make a com- 
plex design easier to understand 
and can be a timesaver if your cir- 
cuit has many repetitive function 
blocks. You can draw the schematic 
for the block once and then let the 
software keep track of multiple cop- 
les or views. If you have to make 
changes to the function block, you 
have to do it only once. The soft- 
ware creates all the schematics for 
the repeated blocks. 

The software also lets you select 
a block of logic from the schematic 
and perform copies, moves, and 
saves. Saving blocks is an easy way 
to move a portion of a design from 
one sheet to another. Block saves 
also let you save portions of a sche- 
matic that you might use in other 
designs. 


Postprocessing operations 


After you've finished creating the 
schematic, you can run postpro- 
cessing operations. A cleanup step 
removes any overlapping lines you 
might have created. An archive- 
library command creates a library 
of the parts you used in the design. 
Having such a record is important 
if later revisions to the main library 
affect the components you used in 
the design. 


a reese <Left> or <Enter> over an iter in Se wat iad 
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The highlighted selection shown in blue lets you check the connections of individual nets. 
The software can also check the entire board for differences from the netlist. 


Creating a netlist—a file that de- 
seribes how all your components 
connect—is the most critical post- 
processing function. The software 
can create an EDIF-standard net- 
list, a Tango format for use with 
the Tango-PCB Plus pc-board-de- 
sign software, and several formats 
compatible with other software 
packages. Another postprocessing 
operation, back annotation, updates 
the component identifiers on the 
schematic after you’ve laid out and 
routed the board. 

One postprocessing function 
Tango-Schematic doesn’t do that I 
consider important for documenta- 
tion control is adding a date and 
time attribute to the drawing title 


Table 1—Accel Technologies pc-board design software 


Accel Technologies 


6825 Flanders Dr 
San Diego, CA 92121 
(619) 551-1000 

FAX (619) 554-1019 
Circle No. 710 


Tango—Route Pro 
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block. This attribute would auto- 
matically stamp the time and date 
on a schematic when you saved it. 
Having this information on a sche- 
matic would make it easy to deter- 
mine which drawing is the most re- 
cent when you have several hard 
copies on your desk. 


PC-board layout 


To start laying out a pc-board, 
you need to input a netlist that 
identifies the components and how 
they are electrically connected. If 
you've created the schematic with 
software that’s compatible with the 
layout software, this step is easy. 
In fact, if you use schematic-capture 
and pec-board-layout software from 
the same company, you'll find that 
many of the commands are identical 
and that you have to learn only one 
menu structure. 

If a component is available in 
multiple package types, such as 
through hole and surface mount, 
pick the appropriate pattern from 
the library or create one yourself. 
Unlike the libraries of schematic- 





Changing the Signal Processing World 
Forever. 


ZAP! Sometimes the best 
ideas come suddenly. With 
one great flash of insight. the 
problem is illuminated and 
quickly solved. Provided. of 
course, you are working with 
SPROC™ signal processing 
technology from STAR 
semiconductor. 

Before SPROC, many bright 
ideas produced little more 
than a flash of light and wasted energy. And you have 
probably seen more than one enlightened solution 
bogged down in the time-consuming prototyping of 
an analog board or the agonizing handcoding of a 
DSP chip. 

Now SPROC can help you transform your bright 
ideas into brilliant signal processing solutions in a 
flash. By integrating an advanced, programmable 
_ signal processing chip and a powerful, easy-to-use 








AF lash of Brilliance. 


STAR Semiconductor, the STAR logo, SPROC, SPROClab and “Sketch and Realize” are trademarks of STAR Semiconductor Corp. 











development system, SPROC technology allows you 
to create and modify an application in a matter of 
minutes... without writing code. 

How? The SPROClab * development system uses the 
unique “Sketch and Realize’” design approach to 
allow rapid transformation of signal processing 
designs from signal flow block diagrams. SPROCI 
automatically converts your diagrams into c¢ 
optimized for the SPROC chip, which contains mult 
ple on-chip processors for real-time signal processins a 
performance. 

To learn more about the new SPROC technology, 
specially-designed to handle the needs of real-time 
signal processing, call 
for your free 350-page 
DE le lexele) er-tae 
demonstration disk. 
(908) 647-9400. 


25 Independence Boulevard, Warren, NJ 07059 
CIRCLE NO. 42 
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capture software, a pattern library 
should cover most of your needs. 
Although I had to create most of 
the schematic symbols for the ICs 
in my design, I only had to create 
one pattern—a 10-pin TO0-5 pack- 
age. Creating new patterns using 
Tango-PCB Plus isn’t difficult, and 
you can modify existing patterns. 

To lay out a pe-board design with 
Tango-PCB Plus, you first select 
the signals for the power and 
ground planes. The software can 
make as many as 23 layers avail- 
able. Two layers are for power and 
ground, two for top and bottom cir- 
cuit layers, and eight for internal 
circuit layers. The other layers are 
for top and bottom silk screens, top 
and bottom solder masks, a board- 
outline layer, top and bottom as- 
sembly drawings, and several other 
manufacturing and assembly draw- 
ings. 

Once you’ve created a board- 
outline drawing and have the netlist 
information and patterns for the 
components, you're ready to place 


the components. The approaches 
for laying out components fall into 
three categories: manual, interac- 
tive, and automatic. These catego- 
ries can be confusing because differ- 
ent vendors use the terms differ- 
ently. If you read that a software 
package has automatic layout, be 
sure you understand what the com- 
pany means by “automatic.” 

Accel defines the manual-place- 
ment feature of Tango-PCB Plus as 
assigning a component a pattern 
and placing the pattern on the 
drawing. You can do this type of 
placement with or without a netlist. 
The company defines interactive 
placement as automatically bring- 
ing up the parts one at a time and 
having you place them on the lay- 
out. During automatic placement, 
the software automatically places 
all the components above or to the 
side of the board outline. 

Parts placement is one of the 
most difficult steps in pe-board de- 
sign. Even if the software can per- 
form a fully automatic placement, 


lon Line Module Part Port Text Wire 





Tango-Schematic and PCB Plus let you bring up the main menu by hitting M or the 
spacebar or by using a pointing device. You can select choices from the menu by typing 
the underlined letter or using a pointing device. 
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you shouldn’t assume the software 
has done an optimal job. You need 
to check the layout to see if you can 
improve it. Several tools are avail- 
able to help you create a good place- 
ment. A rats nest, which shows the 
point-to-point connections of all 
nets, is one of the most useful. 
Tango-PCB Plus provides a dy- 
namic rats-nest display. When you 
select and move a part, you can see 
the rubber-banded connections 
move with the part. This action 
helps you separate the clutter of 
nets from the net you have selected. 
Using a different color for nets con- 
nected to selected component also 
helps you make sense of the clutter. 
The usual goal in placing parts 
is reducing the total track lengths 
on the layout. You can get a qualita- 
tive idea of how you are doing by 
viewing the rats nest. For a quanti- 
tative measure, you can get a sum 
of the total connection lengths. This 
number is available in both the 
Manhattan connection length (a, y 
distance) and the direct connection 
length. If you’re trying several lay- 
outs, you can see which is best by 
using this tool. Of course, you may 
have other constraints such as mini- 
mizing the length of certain critical 
nets and may prefer a longer total 
connection length if you can keep 
the critical connections short. 
Another placement aid is having 
the software reconnect the nets in 
an optimal order. If more than two 
component pins are connected by a 
net, the length of the connections 
will depend on the order in which 
the pins are connected. Tango-PCB 
Plus has a nets-optimize command 
that reorders the nets to obtain the 
shortest connection lengths possible 
for the current parts placement. 


Routing the design 

Once you’ve placed all the compo- 
nents, you're ready to route the 
board. You can route a board manu- 
ally or use an autorouter. Tango- 
PCB Plus does not include an auto- 





IS A.50¢ LINEAR REGULATOR 


PLAY IT COOL WITH OUR 1.5 AMP 








INTEGRATED SWITCHING REGULATOR 


Do you have a board with a 3-terminal 
linear regulator that’s generating more 
heat than an irate customer? Are you 


locked into a tight compact design that 


leaves no extra space for a larger 
heatsink? Fortunately, you can 
now play if cool with an 
innovative product from Power 
Trends—a 1.5 Amp Integrated 
Switching Regulator (ISR) that 
needs no heatsink. 

Power Trends’ 1.5 Amp ISR is a 
pin- compatible with existing 3-terminal 
“78 and 79 Series” linear regulators, fits 
into the same space, and is just as easy 
fo use. With 85% efficiency, our ISR 
provides a cool replacement alternative 








dame 


for a hot linear regulator. Of course it 

cosis more, but it could save you 

thousands. 

Specifications include: laser-trimmed 
output voltages from 3.3 to 15 
volts, calculated MTBF of over 
1,000,000 hours, 0.2% line and 
0.4% load regulation, and power 
densities of 25 to 100 watts per 
cubic inch. 

SO if you have a heat/ 
space/reliability problem now, or 
just want to make sure you don't have 
one in the future—check out Power 

Trends super-efficient ISR. Call or write 

for more information, and ask about 

samples. 


POWER TRENDS 


Power Trends, Inc. 1101 North Raddant Road, Batavia, IL 60510 ¢ (708) 406-0900 * FAX (708) 406-0901 
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PC-BASED DESIGN SOFTWARE 


router, although Accel sells three of 
them that are compatible with its 
layout software and range in price 
from $595 to $5500. 

I didn’t use an autorouter on my 
design. Although an autorouter can 
Save a significant amount of time, 
you should still expect to do some 
manual routing. Manual routing 
may be necessary to finish routes 
the autorouter was unable to com- 
plete or to make improvements 
to the design after the router is 
done. Sometimes you may want 
to route critical signals before auto- 
routing. 

Routing a design manually using 
Tango-PCB Plus involves selecting 
a net from the rats nest and specify- 
ing each corner or layer change as 
you place the net. You can disable 
all other connections in the rats nest 
to see the connections better, or 


you can select all the nets going 


to one component. As you route a 
net, the software automatically in- 
serts a via every time you change 
layers. 

You may want to use curved 
traces on some designs. Tango-PCB 
Plus can create curved traces and 
square and elliptical pads, including 
round ones. 


Copper: fills and pours 


Other routing operations are 
making copper fills and copper 
pours. A copper fill is usually the 
filling of a polygon you create on 
one or more of the board layers with 
copper. You cannot pass a track 
through the region because a cop- 
per fill does not create clearances 
inside the copper-fill area. 

A copper pour does provide clear- 
ance around tracks, pads, and vias. 
Making copper pours is the more 
difficult operation because the cop- 
per pour provides clearances but 
should not create any unconnected 
copper areas. Tango-PCB Plus lets 
you create copper fills but not cop- 
per pours. 

After you’ve routed your design, 
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GlPress <Left> or <Enter> at the line starting point. 





| designed this board with ample space between components for easy routing. | could 
compress the design considerably and still route it on two layers. 


you need to make sure that the con- 
nections have all been made cor- 
rectly and that you have designed 
the board with proper clearances 
between pads, tracks, and vias. 
Tango-PCB Plus lets you automati- 
eally verify that the connections 
match the netlist. The software also 
checks clearances using design-rule 
checking. 

On Tango-PCB Plus, design-rule 
checking runs as a batch operation. 
You specify what clearances you 
want between pads, vias, and 
tracks, and the software writes er- 
rors to a file. The file includes com- 
plete identification of the nets in- 
volved in errors, where the viola- 
tions occur, and what the actual 
clearances are. After seeing the list- 
ing, you can jump to the errors, cor- 
rect them, and verify that you’ve 
fixed all the violations. Design-rule 
checking found a dozen violations 
on my design, all of which I easily 
corrected. 

Once you have routed and veri- 
fied your design, you need to as- 
sign components new identifiers. 


The initial component identifiers 
are from the schematic and are 
usually in a random order on the 
pe-board until you update them. 
Typically, you assign them in some 
orderly sequence, such as starting 
with number 1 in the upper left- 
hand corner. 


Output files 


The two outputs generally neces- 
sary to manufacture a pc board are 
a Gerber-format photoplot file and 
an Excellon-compatible N/C drill 
file. Both of these file formats are 
industry standard. 

The Gerber-format photoplot file 
is used to create films for fabricat- 
ing circuit boards. Because you can 
create an error when translating 
your design to the Gerber-format 
photoplot, you should plot the pc- 
board design from the Gerber- 
format photoplot file before you 
have the film made. Tango-PCB 
Plus includes the software to per- 
form the translation. 

For those interested in saving 
money, the reference manual for 
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VME 





PaceRunner3400 SBC 
(6U Form Factor) 





The PaceRunner 3400" 40MHz/33-MHz 
VME single-board computer is designed 
to serve the high-performance real-time 
market and UNIX-based processor 
applications. 


e SCSI 1/0 processor & 32-bit DMA 

e Ethernet Communication controller 
(IEEE 802.3 compatible) 

e DRAM 4M and 16M options 

e |hree 16-bit programmable timers 

e VIC/VAC/VME master/slave interface 

e Single slot, 6U form factor 

e Lithium powered watchdog timer/ 50 
bytes NVRAM 

e Seven levels of interrupt handler 
support 


MIPS RISC 





The PCBM3400 (Printed Circuit Board 
Module) is a highly integrated 32-bit 
RISC processor module. It can be 
purchased as a standalone product oras 
part of the PaceRunner 3400 SBC. 








Features 

e ANSI/IEEE 754-1985 floating point 

@ 40MHz/33Mhz performance options 

e PaceWrap write/read/parity buffer 
interface 

e 64KBytes of instruction and 
64KByes of data cache 

e Small form factor: 3.45 x 5.04 inches 

e Integrated startup 

e Simple and flexible interface 
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Software 





Support Options/ 
| Board Support Packages (BSPs) 


e Wind River Systems VxWorks” offers a 
PaceRunner 3400 BSP compliant with 
a UNIX-based development and 
debugging environment 

e PaceRunner 3400 prom monitor (BSP) 
iS an option available as EPROMs. The 
debug prom monitor permits quick 
evaluation, software development, & 
diagnostics 





stliiiices #3 
Software 


Company 

$co UNIX 

| USL UNIX 

| DDcI Ada Run Time 
Executive 


: 
3 
t 





Performanc 


Benchmarks for PaceRunner3400 
VME System 40MHz, 64K Cache 








© Combined SPECmark 32.4 

e 33 VAXMips 

e 11.6 MegaFlops LINPACK 

e6./ MegaFlops Double oe 
eddies 





° sy Context switch - 2us 
e Resume/Switch/Suspend/Switch- 10us 
e Cyclic Kernel Test - 40us 





For more information from the 
leading volume and speed supplier 
of MIPS RISC components call 
Performance Semiconductor . . . 


in the United States call 
408 734-9000 


In Europe call 


44-256-59585 (U.K.) 


PERFORMANCE 






SEMICONDUCTOR CORPORATION 


610 East Weddell Drive, Sunnyvale, California 94089 








Semicustom 





Analog ICs 


Design your own analog IC 
on a PC or have it developed 
for you. Easy introduction 
to IC design, low NRE and 
risk, multiple sources. 


Our rapidly growing list of 
foundries & design centers: 


Adv. Techn. Development 
Mississsauga, Ontario, Canada 
@ 

Analog Design Consulting 
Westlake Village, CA 
@ 

Analog Solutions 
Boulder, CO 
@ 

Cadel 
Tucson, AZ 
@ 

Congdon Associates 
Sudbury, MA 
& 

ECI Semiconductor 
Santa Clara, CA 
@ 

OnChip Systems 
San Jose, CA 
@ 

Pacific Microelectronics 
Hong Kong 


Pisces Corp. 
Portland, -ME and Baltimore, MD 


Zetex plc 
Oldham, UK 


Technical information 
clearing center: 


Array Design Inc. 


San Francisco, CA 


Phone:(415)648-6096 
Fax: (415)647-4639 
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books that work 





the way you work 


Analog Circuit Design: 
Art, Science, Personalities 


Jim Williams, Linear 


Technology Corp., Editor 
"If you do any analog circuit design, buy this 
book!...The well-indexed volume ... provides a 
picture of analog design, in all its diversity, as a 
way of thinking and a way of approaching 


problems." Dan Strassberg, EDN 


199] 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% more! 
Troubleshooting Analog Circuits 


Robert Pease, National Semiconductor 


"Here's a chance to take advantage of 
[Pease's] years of experience designing analog 
circuits--and working the bugs out of them. This 
book is for you whether you're designing analog 
circuits at the board, box, system, or IC level." 

Electronic Design 
1991 208pp. cloth 0 7506 9184 0 $32.95 (£19.95) 


Loaded with practical information 


Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
In order to obtain the best performance from 

rechargeable batteries, it is essential that they be 
applied correctly. This is a comprehensive 
reference on proper selection, specification and 
application guidelines from one of the world's 
largest sealed-cell manufacturers.May 1992 432pp. 


cloth 0 7506 9227 8 $49.95 (£38.50) 
In the U.S. 


1-800-366-2665 


M-F 8:30-4:30 E.T. 
Fax 617-279-4851 








BUTTERWORTH-HEINEMANN 


80 Montvale Ave., Stoneham, MA 02180 





The EDN Series 
for Design Engineers 


In the U.K. and Europe, order from: 
REED BOOK SERVICES LTD. 

Special Sales Department 

P.O. Box 5 Rushden, Northants NN10 9YZ U.K. 

To order by phone: 


TEL. 0933 58521 


FAX 0933 50284 


CAHNERS 12.89 
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Tango-PCB Plus suggests creatins 
PostSeript-compatible outputs 
which is the format phototypeset 
ting services prefer. These service: 
can plot film directly from Post 
Script files. Phototypesettins 
equipment offers resolutions of 60( 
to more than 3300 dpi and gives you 
excellent resolution and fast turn 
around on the films. EDN 


Reference 


1. Conner, Doug, “Low-cost pc-boar¢ 
design tools,” EDN, June 6, 1991 
pg 126. 


Article Interest Quotient 
(Circle One) : 
High 479 Medium 480 Low 481 


INFO 
CARDS 


THE 


2¢ 
SOLUTION 


to your marketing 
budget blues—the 
EDN Info Card Pack. 
At 2¢ per name, 
the EDN Info Card 
Pack can reach over 
131,172 engineering 
specifiers affordably. 
















Magazine 
N Edition 

News 

Edition 


A Partnership in Power 
and Prestige Worldwide 


Its time to stretch the limits. 


If you've been limited by speed, you'll 
quickly appreciate our new Fast SRAM 
devices. This new family of high technol- 
ogy, high-speed Application 


Specific Memory (ASM) MOTOROLA MILITARY FAST STATIC RAMs 


products are an ideal match 
for any Military, Aerospace, 
and “Beyond Commercial” 
markets. 

Each device incorporates 
Motorola’ high-performance 
silicon-gate CMOS technology 
using our proven 0.8 micron 
geometry process. This translates to fast 
access times of 15 to 35 ns speeds. 

Whether your application.requires cache 
data RAM, data latching, dual I/O or simply 
reduced part count, look to Motorolas new 
portfolio of Military SRAMS. 

Motorola has truly stretched the limits of 
system performance with premier design 


32Kx9 
32Kx9 
32Kx9 
32Kx9 
16Kx16 
8Kx24 


solutions and best-in-class product support. Looking to stretch the limit? Send the 


Bipolar Memories and CMOS FSRAMS 


round out our broad product portfolio. solutions plus a whole lot more. Or write 


Synchronous Fast Static RAM 62S950A* 


BurstRAM™ 
BurstRAM™ 


62486A* 


62940A* (AA) MOTOROLA 


Synchronous Fast Static RAM 62110A* 


Latched Fast Static RAM 


DSPRAM™ 


*Production completion expected 3rd Quarter 





62995A" 
56824A* 


Motorola and @) are registered trademarks of Motorola Inc. 


Motorola, P.O. Box 20912, Phoenix, AZ 
85036 or call toll-free at 1-800-441-2447, 





coupon below and we'll send you our ASM 


Ce ee a eh ENE SERN ES yo Sg ee ap an Gee aN or rar Oe oats am wet de ene yee ae Een ee 


To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 


Ze 
IITASY PRODUCTS. OPERATION MPO 
vas ; Tait 


FAST STATIC &, f 
APRIL 1892 


Ak MOTOROLA 





Please send me your Fast Static RAM brochure #BR905/D. 
552EDN052192 














City State Zip 
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Putting high-performance power aistribution 
on tne fast track. 
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Designers of today’s high-perfor- 
mance power distribution systems 

A . (PDSs) need a practical way to 
take advantage of the compact 
size, thermal efficiency, and low 
inductance of insulated flat copper 
power cable. 


Our newest invention not only 
makes flat conductors practical, it 





adds powerful new options to the 
way you can design your ‘flat 
power’ PDS. 

AMPOWER Wave Crimp 
Assemblies let you specify direct 
taps on flat cable wherever you’d 
like, for efficient branching. And 


AMP and AMPOWER are trademarks of AMP Incorporated. 
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they give you a true modular 
approach to power—with separa- 
ble printed circuit board connectors 
and sequenced Blind Mate drawer 
connectors—for fast assembly, and 
easy service and upgrade. 

The exclusive crimp termination 
contacts an area 50% greater in 
cross section than the conductor 
itself. Result: no thermal penalties, 
no current restrictions, no com- 
promise in the inherent low-noise 
properties of flat conductors. Elec- 
trical characteristics are consis- 
tently predictable. 

To realize all the new opportu- 


ZZ 


iy 
H 
t 
5 
? 
t 
t 
{ 
1 
i 


Flat conductor PDS made practical. 


nity in flat power right now, call the AMP Information Center near you: 
Scandinavia: Sweden 0758-104 00 (fax 0758-194 70); Central 
Europe: Holland 073-200 911 (fax 073-212 365), Germany 06103- 
709 659 (fax 06103-709 619); Great Britain: 081-954 2356 

(fax 081-954 6234); Southern Europe: France 1-34 48 27 20 

(fax 1-3030 4550), Italy 011-71731 (fax 011-773 1116), Spain 
03-200 84 66 (fax 03-201 78 79). 
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In all honesty, we’ve been building a his- 
tory of innovative microcontroller products 
for disk and system applications right from 
the start. 

In fact, the first high-performance SCSI 
chips we designed have become an industry 
standard in workstation and PC platforms. 
And our ESP chips have been so popular 
they’re the interfaces of choice for OEMs and 
systems integrators worldwide. 

But that’s just for openers. 

We’ve continued to lead the evolution of 
SCSI power—in speed, single-chip integra- 
tion, full SCSI-2 support, Fast and Wide 
architecture, and more. Plus, we’ve created 
matching disk controller and buffer control- 
ler devices. 

And now we're preparing to launch a 
new generation of products—a whole new 
family of microcontrollers...to again pioneer 
new industry standards in i, 
SCSI and other bus 
interfaces. 

Look for our 
announcements to 
start soon. : 

Or if you can’t wait, call us. We’ll send 
you a preview of the big picture—so you can 
begin to spec for the future...now. 

Firsts are part of our tradition. And we’re 
not done yet. 

Emulex Micro Devices. 









EMULEX 
Advantage By Design.” 


3545 Harbor Blvd., Costa Mesa, CA 92626 
Outside California: 1-800-ON-CHIP1 
Inside California: (714) 662-5600 


Emulex Micro Devices Sales Representatives: NEW ENGLAND: 
Advanced Tech Sales, Inc. (508) 664-0888 ¢ CANADA: Electro 
Source (416) 675-4490 ¢ MICHIGAN: JMJ Associates (616) 
774-9480 © SOUTHEAST: Montgomery Marketing, Inc. (919) 
851-0010 © MIDWEST: Oasis Sales Corporation (708) 640-1850 
NORTHERN CALIFORNIA: Promerge Sales (408) 453-5544 @ 
NORTHWEST: QuadRep-Crown, Inc. (503) 620-8320 
SOUTHERN CALIFORNIA: QuadRep Southern, Inc. (714) 
727-4222 ¢ FLORIDA: Sales Engineering Concepts (407) 830-8444 
¢ MID-ATLANTIC: T.A.I. Corporation (609) 778-5353 © ROCKY 
MOUNTAINS: Wescom Marketing, Inc. (303) 422-8957 e TEXAS 
FOUR-STATES: West Associates (214) 680-2800 


© 1992 by Emulex Corporation. All rights reserved. 
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LAST SEPTEMBER, 83 MILLION PEOPLE 
DESPERATELY WANTED A DEMONSTRATION OF 
OUR FINEST LOGIC ANALYZER. 











Only one logic analyzer could have brought the most crippling communications failure in U.S. history to a swift conclusion. 
The new DAS/SE from Tektronix. With 200 MHz synchronous clocking, thousands of cycles of memory depth, and literally 


hundreds of channels, the DAS/SE is without question the fastest and most powerful logic analyzer around. And with 11 






different stimulus & acquisition modules, it can be configured to solve any of your digital debug 
problems. For a personal demonstration, call Tektronix today and ask about the DAS/SE. The logic 
analyzer that could very well prevent another banner year. TALK 10 TEK/1-800-426-2200 EXT. 73 


Tektronix 
Test and Measurement 


All product names, brands, and trademarks are trademarks of 
57W-188398 Copyright © 1992, Tektronix, Inc. CIRCLE NO. 48 their respective owners. Newspaper headlines are simulated. 





PLDs tailored for 
specific applica- 
tions offer many 
performance ad- 
vantages. The 
question is, do 
you want to learn 
anew architecture? 
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Application-tailored PLDs 
streamline designs, bring 
speed and lower cost 


RICHARD A QUINNELL, Technical Editor 


Between small, general-purpose pro- 


grammable logic devices (PLDs) and 
large field-programmable gate arrays 
(I’PGAs) lies a little-known class of pro- 
grammable logic: application-tailored 
PLDs. The right tailored device can en- 
compass a design that is too small for 
an F'PGA yet would occupy two to four 
general-purpose PLDs. The resulting 
single-chip implementation will be 
faster, cheaper, and more compact. 

The types of application-tailored 
PLDs available fall roughly into three 
categories: address decoding, state ma- 
chine, and system functions. Represen- 
tative devices in each of these categories 
appear in Tables 1, 2, and 3, respec- 
tively. The amount of tailoring involved 
varies greatly. Some devices deviate 
only slightly from a general-purpose ar- 
chitecture, whereas others are built to 
fit only one application. 

At the less-tailored 
end, classification of a 
PLD as application-tai- 
lored is somewhat arbi- 
trary. Consider, for ex- 
ample, the PALCE16V8- 
HD from Advanced Mi- 
cro Devices (Table 3). It 
only deviates from the 
more general 16V8 by 
virtue of its drive capabil- 
ity; 64 mA as compared 
with a more typical 24 
mA. The Lattice Semi- 
conductor GAL20XV10B 
(Table 1) deviates from 
the 20L10 by an exclu- 
sive-OR gate in the sum- 
of-terms path. 

At the other extreme 
are devices like the 


Altera EPB2001 Micro Channel Ar- 
chitecture interface and the Intel 
85C960 bus-control PLDs (Table 3), 
both of which stretch the definition of 
programmable logic. The bulk of each 
device is fixed system-interface logic 
that applies to a single bus structure. 
The only programmable features are chip- 
select decoding, ID and status-register 
coding, and wait-state generation. 


Modifying general-purpose PLDs 


Most application-tailored PLDs split 
the difference, however. They resemble 
general-purpose devices but also include 
several variations that focus them to- 
ward one application. To understand 
how they deviate from general-purpose 
devices, compare application-tailored 
PLDs to the 22V10, a popular general- 
purpose PLD. Fig 1 shows the structure 


~ 
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Because third-party design tools may lag new application-tailored 
PLD architectures, most PLD vendors, like National Semiconductor, 
offer their own tools. 
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rocessing Seminar Series 


CUSTOMER APPLICATIONS 


















Discovering Innovative Solutions. 
Enhancing Your Expertise 


For designers working with advanced Digital Signal Processing, 
Multiprocessing or parallel processing, using TMS320C30/C40 
processors, TI in collaboration with its distributors, present — 
this in-depth Design Seminar. 
Hear from the experts about the latest design tools and 
product developments in these specialised fields to give 
your designs that competitive edge. 
You will find there is a valuable insight and update to 
be gained by both the new processor user and 
experienced designer alike. 

‘To receive your registration documents, oly 

call your local distributor or complete the 

attached coupon. 
Please complete the coupon and mail to: 
‘Texas Instruments, FREEPOST, 
Blackhorse Road, London, 
Great Britain SE8 5XX or 


telephone the relevant distributor. 
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THIRD PARTY 
SUPPORT | 


LOUGHBOROUGH 
SOUND IMAGES 


3L 
PERIHELION 
COMDISCO 
HEMA 
ISI 
SPECTRON 
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LOCAL DISTRIBUTORS 


DATE 
MAY 19th 
JUN 5th S. 

JUN 5th 
JUN 9th 
JUN 10th 
JUN 12th 
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APPLICATION-TAILORED PLDs 


of one 22V10 output macrocell. The 
device has 10 macrocells and 12 
dedicated input pins. 

One way application-tailored de- 
vices differ from this type of gen- 
eral-purpose PLD is that they trade 
unnecessary circuits for more useful 
additions. Address-decoder PLDs, 
for example, eliminate the flip-flops 
and feedback multiplexers found in 
the figure and increase the number 
of input pins or the summing width 
over that of the 22V10. Some may 
also offer input- or output-signal 
latches for handling pipelined or 
multiplexed signals. 

Small circuit changes within a 
general-purpose architecture consti- 
tute another common group of vari- 
ations. State-machine PLDs can re- 
semble a 22V10 but offer J-K, S-R, 
or toggle-type flip-flops, instead of 
the D-type flip-flops shown in the 
figure. Some state-machine PLDs 
also offer one extra gate in the 
product-term summing path: an ex- 
clusive-OR. Both changes seem 


Notes: 


A=Not applicable. 
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_OUTPUT-ENABLE 
PRODUCT TERM 


PRODUCT TERMS 


INPUT TO 
LOGIC ARRAY 


MULTI 
PLEXER 





Fig 1—The ever-popular 22V10’s output cell structure serves as a good reference for 


understanding application-tailored PLDs. 


small, but they will increase a 
PLD’s efficiency in implementing 
state machines by reducing the de- 
sign’s demand on the device’s re- 
sources. 

For example, state-machine de- 
signs often require that a state reg- 
ister be set and held for several 


a D-type flip-flop in a given state 
while the flip-flop is being clocked, 
however, requires the logic array 
to decode all possible input and 
state signal combinations that main- 
tain the state. A J-K flip-flop, be- 
cause it can freeze in a given state, 
requires only that the logic array 


clock cycles. To hold the output of decode the set and clear conditions, 


output 


PLD Shell. 
Plus (Free) 


DIP=Dual in-line package; PLCC=plastic leaded chip carrier; LCC=leadiess chip carrier. 
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TAILORED PLDs 


APPLICATION- 
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+18-BIT SERIAL ADC 
USES ONLY GOA! 


Interface Directly to Your Transducer for only $8.00*! 


Maxim's new MAX132 ADC delivers 2uV resolution, dissipates only 1mW max over temperature, and saves even more 
power with its 44A sleep mode. A serial interface reduces board space and allows for inexpensive isolation. And if — 
your application calls for multiple input channels or programmable gain, the MAX132’s four digital outputs remotely 
control a MUX or PGA via the serial interface, eliminating extra "glue" logic and serial control lines. 


® 2uV Resolution at +500mV Full-Scale 


% Supply Current Over Temperature: 
Operating Mode: 60uA 125uA Max 
Sleep Mode: 4uA 10uA Max 


¢ Up to 100 Conv/sec Throughput 


® 4 Serially Programmed Digital Outputs 
for Remote Control of MUX/PGA 


+10pA Input Current 
50/60 Hz Rejection 
Space-Saving 24-Pin DIP and SO 


Parallel Interface Version Available - 
MAX1 35 Benefit from the MAX132’s high resolution, low noise, and 10pA input current by interfacing 
directly to transducers and other low-level signals. 








SIMPLIFY THERMOCOUPLE AND BRIDGE INTERFACING 


ISUPPLY = 60n.A 
ISOTHERMAL ISUPPLY = 5uA = 4uA SLEEP MODE 
en BLOCK +5V +0V 









SERIAL wP INTERFACE 







-oV 






STRAIN 
GAUGE 







*“CJC = Cold Junction Compensation 
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Complete Kit Speeds Evaluation, Reduces Design Time 


A pre-engineered MAX132 Evaluation Kit and 
your personal computer can save you hours of 
component gathering, board assembly and 
evaluation time. The kit contains a pre-drilled 
board and all the components needed to build 
a complete, high-resolution ADC circuit plus 
application-specific software and an RS-232 
interface for your PC. 3 

Call 1-800-998-8800 and order MAX132EVKIT, 
for $95". 


| AIDCONVERTERS ANA‘2S yp-gp 


Data Sheets + Applications Notes + Free Samples 














FREE A/D Converter Design Guide — Sent Within 24 Hrs! 


Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 
For a Design Guide or Free Sample 
Maxim Integrated Products, 120 San Gabriel Dr.. Sunnyvale, CA 94086, (408) 737-7600, FAX 737-7194. 


SULA AIL/VI 


Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: AL, M2i Montgomery Marketing, Inc.; AZ, Techni 
Source Inc.; CA, Mesa, Pro Associates, Inc., Centaur Corporation; CO, Component Sales; CT, NRG Limited; DE, TAI Corporation; FL, Sales Engineering Concepts; GA, M2i 
Montgomery Marketing, Inc.; ID, E.S./Chase; IL, Heartland Technical Marketing Inc.; IN, Technology Marketing Group; IA, JR Sales Engineering, Inc.; KS, Delltron; LA, BP Sales; 
MD, Micro-Comp, Inc.; MA, Comp Rep Associates; MI, R.O. Whitesell; MN, Mel Foster Technical Sales, Inc.; MS, M2i Montgomery Marketing, Inc.; MO, Delltron; MT, E.S./Chase; 
NE, Delitron; NV (Reno, Tahoe area only) Pro Associates, Inc., NH, Comp Rep Associates; NJ, Emtec Sales, Inc., TAl Corporation; NM, Techni Source Inc.; NY, Parallax, 
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Corporation; SC, M2i Montgomery Marketing, Inc.; TN, M2i Montgomery Marketing, Inc.; TX, BP Sales; UT, Utah Component Sales, Inc.; VA, Micro-Comp, Inc.; WA, E.S. Chase: 
WI, Carlson Electronics. 
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Self-Contained 8-Ch 12-Bit System 
Simplifies "Analog In-to-Data Out" 
pore (1Oys) Channel is 1.P Configurable for Differential/ 

























ampiler 's 6-channel 
MAX181 gives access to the mux output, which other- 
wise works the same as the MAX180. 


New BiCMOS Design Makes a Better 
574A: 8us Fast & 3X Lower Power 








APPLICATION-TAILORED PLDs 


Buried registers are flip-flops that 
hold state values they feed back 
into the logic array but don’t pro- 
vide as an output signal. As shown 
in Fig 1, when you route a flip-flop’s 
output signal back into the logic ar- 
ray on the 22V10, you cannot use 
its I/O pin as an input line. If you 
don’t need to bring the signal out, 
the pin is wasted. Application- 
tailored PLDs provide an alternate 
feedback path for the flip-flop’s I/O 
pins, allowing you to use the pin. 

Adding circuits to the general- 
purpose architecture is a fourth 
method of tailoring PLDs, most 
commonly for state-machine appli- 
cations. Such additions may include 
dedicated buried registers without 
I/O pins, preconfigured counters, 
and arithmetic logic. 


Tailoring buys performance 


Because of the additional re- 
sources and resource-utilization ef- 
ficiency offered by their specialized 
architecture, application-tailored 
PLDs possess cost and performance 
advantages over other PLDs. In 
the category of address decoders, 
the tailored PLD can be faster than 
its general-purpose equivalent 
made in the same process technol- 
ogy because the tailored device has 
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no feedback multiplexers. In all 
categories, the tailored parts can 
typically incorporate in one device 
a design that would require two to 
four general-purpose PLDs, saving 
board space and parts cost. (If you 
use more than 10 or 12 general- 
purpose PLDs, however, you could 
replace them with one large gen- 
eral-purpose PLD such as those 
from Actel, Altera, and Xilinx 
(Ref 1).) 


State-machine needs are the 
most common target of appli- 
cation-tailored PLDs. The 
CY7C361 from Cypress Semi- 
conductor, for example, sup- 
ports concurrent state machines 
and multiple simultaneously ac- 
tive states, features not readily 
implemented in general-pur- 
pose PLDs. 


Compacting your design into a 
single device also can boost system 
performance or reduce the cost of 
other system components. A design 
spread over several devices almost 
always has output signals that cas- 
cade through two or more devices, 
increasing the final signal’s propa- 
gation delay. By keeping the design 
in a single device, you eliminate the 
additional delay. This streamlining 
can speed your overall system or 
add to the timing margin on another 
device, such as static RAM, lower- 
ing its speed requirement and cost. 

Another advantage of applica- 
tion-tailored PLDs is that they give 
you the opportunity to create more - 
robust designs. You can try to 
squeeze your address-decoding de- 
sign into one general-purpose PLD, 
for example, but you'll have to sac- 
rifice complete decoding. A 22V10 
has at most 21 input pins available, 
even when you dedicate the entire 
PLD to decoding one chip select. 
In a 82-bit address space, the small- 
est block a 21-input decoder can re- 
solve is 2048 words. 

Such incomplete decoding wastes 
90% of the 22V10’s logic. It also 
wastes your system’s address 





GET FOUR uP SUPERVISORY 
FUNCTIONS IN ONE IC — FOR 88¢ 


Manual Reset, Power-Fail, Reset Low and Reset High, 
Now at Discrete Component Prices! 


If driving the cost out of uP-based systems Is forcing you to design with less reliable discrete 
component solutions, we'd like to introduce you to the MAX703-MAX708. These new multi-function 
supervisors require no external capacitors and offer you guaranteed performance in a single 
package. They are ideal for large volume applications and are available at factory direct prices. 


% +3V & +3.3V Versions Available** 
¢ Guaranteed Reset at Vcc = 1V 
Reduces Design Time and Footprint 
% No External Capacitor 

® Extra Power-Fail Comparator 


% 200A Operating Supply Current 
% 140ms min Reset Delay 








SAVE $$, BOARD SPACE AND SIMPLIFY DESIGN 


k VOLTAGE MONITOR 
} — TL7705 







COMPARATOR, 
LM311 a 





% 8-Pin SOIC or DIP Package The MAX707 eliminates a TL7705, LM311, 0. 1uF capacitor, 
resistor and tantalum surface-mount capacitor saving design 
4 Guaranteed Over Temperatur e time and space while providing guaranteed performance. 


Maxim’s Low-Cost LP Supervisors Replace Several Components 






































Threshold MENUS! Comparator Backup Watchdog Active High Volume 
(V) (Power Fail) Switchover ($) 

MAX703* 4.65 vY Y Y 1238 
MAX704* 4.40 Y Y Y 1.38 
MAX705 4.65 Y Y Y 1.02 Sy 
MAX706 4.40/3.08/2.93/2.63 Y Y Y 1:62 ae 
MAX707* 4.65 Y Y Y 0.88 
MAX708* 4.40/3.08/2.93/2.63 Y Y Y 0.88 











“Available after July, 1992  **Available after October, 1992 
25,000 pc, Factory direct. Excludes Freight and Duty. 









FREE uP Supervisory Design Guide — Sent Within 24 Hrs! | 


Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 
For a Design Guide or Free Sample 





LP SUPERVISORY ANALOG \yy- R 


Data Sheets . Applications 
























Power- 
+ Power-fail or battery monitoring 
* We 








fatchdog 
To sullicient reset time for the uPs's internal Ym waxwye garde ep? pane 
{ireults, the reset output starts out low at power-on and ends Sirs preva powe-tp reas tsar 
‘SSmeec after the supply voltage exceeds 4.65V. If the voltage Sera he taney Soke: eben. 
then falls below selected threshold, the chip issues a 








‘Vcc within 50mV of the backup-battery voltage. the MAX690 connects the 
‘CMOS RAM, 
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APPLICATION-TAILORED PLDs 


space. You have to dedicate the en- 
tire decoded block to one periph- 
eral, even if it doesn’t need that 
many addresses. In addition, logical 
images of the device will fill the re- 
‘maining space, leaving open the 
possibility of inadvertently access- 
ing one of the images of a peripheral 
rather than the peripheral itself. 

If your system can tolerate the 
wasted addresses and multiple pe- 
ripheral images, fine. The wastage 
compounds quickly, however, if you 
have several such peripherals to 
handle or need to qualify the ad- 
dress with some other signal. An 
address-decoding PLD can reduce 
or eliminate such problems. The 
Signetics PHD48N22, for example, 
has 36 dedicated input lines, allow- 
ing you to fully decode a 82-bit ad- 
dress with address qualifiers (such 
as read or write) for as many as 22 
peripherals. 


System PLDs save design time 


System-level PLDs have the 
benefit of simplifying your design 
task. In the case of the bus-inter- 
face PLDs, all of the system-inter- 
face logic is preconfigured. All you 
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need to do is select the addressing 
and other parameters that vary for 
each user. Other devices offer pre- 
designed system functions in their 
support software. The Altera 
E/PS464 synchronous timing gen- 
erator’s software, for example, in- 
cludes predesigned circuits for cre- 
ating such waveforms as NTSC, 
SECAM, and PAL video-timing 
signals. 

Despite their advantages, there 
are several reasons you may not 


For more information... 


For more information on the application-tailored PLDs discussed in this article, circle the appropriate numbers on the Information 
Retrieval Service card or use EDN’s Express Request service. When you contact any of the teawin’ manufacturers arecty, 
please let them know you read about their products in EDN. _. 


Actel Corp Cypress 


Lattice Semiconductor 
5555 NE Moore Ct 





Signetics Co 


——— | BRSTREO 


I] BUSREG 


><] BUSGNT 


The range of application-tailored 
PLDs runs from minor variations 
of general-purpose devices to 
almost fully specified logic. This 
Micro Channel Architecture 
arbitration PLD from Altera, for 
example, only has programma- 
ble logic in its register-address 
and address-decode sections. 


want to use an application-tailored 
PLD. For one, every additional 
PLD type you wish to use is an- 
other architecture to support. You 
will need to learn the architecture 
and add the device to your com- 
pany’s stocking system. Adding a 
part to your system can include 
qualifying the vendor, preparing 
specification documents, establish- 
ing incoming inspection procedures, 
testing the device, and purchasing 
an initial stocking quantity. You 


_ Xilinx ine 


SI11EArquesAve 2100 Logic 
Sunnyvale, CA 94088 —_—s San Jose, CA. 9505 
(408) 991-2362 =~=—08) ose 7k Ct 
FAX (408) 991-2268 _ FAX (408) 559-71 ae 
Contact Jesse Jenkins Circle No. 709 ~~ 

Circle No. 707 


Texas Instruments 
8330 LBJ Freeway 
Dallas, TX 75243 
(214) 997-5470 
FAX (214) 997-5452 © 
Circle No. 708 


955 E Arques Ave 
Sunnyvale, CA 94086 
(408) 739-1010 

FAX (408) 739-1540 
Contact Andy Haines 
Circle No. 700 


Advanced 

Micro Devices Inc 
Box 3453 

Sunnyvale, CA 94088 
(800) 222-9323: 
(408) 749-5703 
Circle No. 701 


Altera Corp 

2610 Orchard Pkwy 

San Jose, CA 95134 

(408) 984-2800 

FAX (408) 435-1394 
Contact Craig Lytle, x2189° 
Circle No. 702 


Semiconductor Corp 
3901 N First St 

San Jose, CA 95134 
(408) 943-2600 

FAX (408) 943-2741 
Contact Robert Moore 


Circle No. 703 


intel Corp 

1900 Prairie City Rd 
Folsom, CA 95630 
(916) 351-2712 
Contact Steve Stasaitis — 


Circle No. 704 


Hillsboro, OR 

(503) 681-0118 

FAX (503) 681-3037 
Contact Steve Stark 
Circle No. 705 


National © 
Semiconductor Corp 
2900 Semiconductor Dr 
Box 58090 

Santa Clara, CA 95052 
(408) 721-3215 
FAX (408) 721-5559 
Contact Dennis Swan 


Circle No. 706 


VOTE... 


Please also use the Information Retrieval Service card to rate this article (circle a 
High Interest 473 Medium Interest 474 Low Interest 475 





88 = EDN May 21, 1992 


ISOLATED RS-232 
IN ONE PACKAGE! 


New UL Approved* MAX252 Delivers Up To 1500V Protection 


Maxim’s new MAX252 delivers voltage isolation up to UL requirement levels (1500V for 1sec) — 
providing a complete isolation solution in one +5V-powered standard 40 pin IC package. Whether yOu 
need to break ground -loops or protect your equipment from destructive transients, Maxim’s new 
MAX252 solves your interface isolation problems. 














Reduce Complexity 
© No External Components 
¢ 90uW Low Power Shutdown 





- Break 
Ground Loops 








© Single +5V Supply 






e 2 Transmitters & 2 Receivers 






e Isolated Data Interface 5, 
1500Vrms (1 second) - MAX252A 


Isolated RS-232 Options For Your Specific Application 


Need more than 20kbits/sec or more than 1500V voltage isolation? The MAX250/251 chip set — 
with external components — lets you design your own system if size is not important. 


, PRICE** 
PARTS PACKAGES FEATURES (1000-up) 
Standard All-in-one package isolated RS-232 
MAX2S2A 40 Pin Plastic DIP (1500 isolation, UL, Approved)* $50.00 
Standard All-in-one package isolated RS-232 
MAK252B 40 Pin Plastic DIP (Economical 500V isolation) $29.50 
MAX250 14 Pin, DIP SO Two chip isolated RS-232 (4 External $3.20 
MAX251 and 20 Pin LCC opto-isolators and isolation transformer) $3.20 
FREE Interface Design Guide — Sent Within 24 Hrs! 
Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086, (408) 737-7600, FAX 737-7194. 
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INTERFACE ASA i) ae) 
Data Sheets + Applicatio Free Samples 


ms Notes « 





New RS-232 Transceiver Doubles 
Speed of Existing +5V RS-232 Devices! 
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APPLICATION- TAILORED PLDs 


may not have the time, inclination, 
or corporate funds to take those 
steps. 

The definition of support includes 
the need for PLD design and pro- 
gramming tools. That may mean ac- 
quiring and learning a new tool as 
well as a new architecture. Not all 
application-tailored PLDs are sup- 
ported by popular third-party de- 
sign and programming tools. In ad- 
dition, when a vendor releases a 
new PLD, there is often a lag be- 
tween the part’s introduction and 
third-party support. In some cases, 
this lag lasts as long as a year. 

Devices that are significant de- 
partures from general-purpose ar- 
chitectures also initially may not re- 
celve adequate third-party support. 
These tool vendors’ engineers must 
explore the new architecture’s 
subtleties before they can design 
the best tools. Thus, the first ver- 










DC Motors add 
speed control 
and reliability 
to pumps 


These 12-24 VDC brushless motors 


give you controllability for smart pumping 
applications. Either 2.0” or 3.2” diameters, with stall 
torque to 84 oz-in, puts high power in a compact 


sion of third-party tools may not al- 
low you to take full advantage of 
the new architecture’s features. 
While you wait for the third-party 
tool vendors to catch up, you will 
have to rely on the PLD vendor’s 
design tools. 

PLD vendors are sensitive to 
tool-support problems and are tak- 
ing steps to reduce them. Some 
vendors concentrate on providing 
high-quality tools of their own. 
Many others try to keep their archi- 
tectures as similar to existing de- 
vices as possible to make third- 
party tool support easier to obtain. 
An increasingly common approach, 
however, is to assist the third-party 
vendors by providing software fit- 
ters, that is, software that maps a 
logic design into this specific archi- 
tecture. 

The fitter approach reflects the 
changes tool vendors are making in 


Introducing...second generation CD quality, stereo 
hi-fidelity digital audio record/playback for PC-AT 
386/486 or compatible. Now with DVI/CDI/CD-ROM | 
XA audio compression up to 44.1 kHz. | 

Featuring...real time direct-to-disk datatransfer... 
18 bit resolution...64x oversampling. ..22kHz audio. 
response...0.005% THD...6.25 to 50 kHz program- 
mable sample rate...92dB dynamic range...90db s/n 

... plus 4:1 ADPCM compression. 

For broadcast quality recording, editing and trans- 
mission in high-end entertainment systems, A/V 


the way they add to their device 
libraries. Instead of providing a sin- 
gle tool that handles all PLD types 
and making revisions to add types, 
they are providing frameworks that 
accept additional fitters (Ref 2). 
The PLD vendors can take the re- 
sponsibility to supply fitters for 
their parts, ensuring speedy and 
adequate tool support. They know 
that, without adequate tool sup- 
port, an application-tailored PLD 


won't suit your system’s needs. Goi 
References 
1. Conner, Doug, “High-density 


PLDs,” EDN, January 2, 1992, pg 77. 

2. Quinnell, Richard A, “Synthesis 
tools speed PLD design efforts,” EDN, 
April 11, 1991, pg 73. 
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~ AUDIO PRO 
Model SX-10 


AUDIO PRO II 
Model SX-15 































package. And, no brushes to wear means more reliable 


presentations and interactive CDI/DVI applications. 

















Phone 1 (800) 338-4231 for details on the 2nd genera- 2 
tion AUDIO PRO Model SX-15. - 


ANTEX 
ELECTRONICS 


operation. AMETEK, Lamb Electric Division, 627 Lake 
Street, Kent, OH 44240. Tel: 216-673-3451. Fax: 216- 
673-8994. In Europe, Friedrichstrasse 24, 6200 


Wiesbaden, Germany. ETE K 


Tel: 611-370031. 
LAMB ELECTRIC DIVISION 


















V4, 


16100 S. Figueroa St e Gardena, CA 90248 (USA) © Tel (310) 532-3092 © FAX (310) 532-8509 


Fax: 611-370033. 
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J6qB LOWPASS FILTER- 
NO DESIGN REQUIRED 
NO EXTERNAL PARTS! 


Maxim's new MAX270 filter achieves a noise level of less than 12uVrms at 1kKHz, and 38uVims at 25kHz 
corner frequencies. No calculations are required because programming the corner frequency requires no external 
components. The new filter combines a proprietary low-noise circuit design with a continuous-time architecture 
which requires no clock signal, eliminating the clock noise and aliasing problems of switched capacitor filters. 
And with a wide 96dB dynamic range, the MAX270 is ideal for your 12- or 14-bit applications. The MAX270 is 
completely self-contained and comes in smallfootprint DIP and SOIC packages. 





LOW NOISE PROVIDES WIDE DYNAMIC RANGE 


| sae San Filter 


0) ss id OP pvae™ ¢ -/0dB Max Total Harmonic 
pf Distortion Plus Noise 


¢ 70dB Min Spurious-Free Dynamic 
Range 


Cascadable for Higher Order Filter 


¢ Ideal for Anti-Aliasing and Output 
Smoothing Applications 


wu > 
C2 
KE 
as 
O65 
i 


(500us/div) ; 
Dynamic Range = 20log (2.475V/38mV) = 96dB 





¢ Pin-Strap or uP Programmable for 
1kHz to 25kHz Cutoff Frequency 


¢ <15uA Shutdown-Mode Current for : 
Batiery-Operated Systems | PaogRan 


INPUT 





¢ Internal, Uncommitted Op 7 for 
Gain Adjustments, DC Level Shifts, 
and Additional Filtering 


¢ 20-Pin DIP and SOIC Packages 


FRIERS Son oe yy 
Data Sheets + Applications Notes + Free Samples 
96db ic Range Analog Filter 
Satisfies 12-Bit Data-Acquisition Needs 
‘Time Filtering Excels Where Switched-Capacitor 














MAX270 is completely self contained and uP or pin-strap programmable. 


FREE Analog Filter Design Guide — Sent Within 24 Hrs! 


Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 
For a Design Guide or Free Sample 


Maxim Integrated Products, 120 San Gabriel Dr.. Sunnyvale, CA 94086, (408) 737-7600, FAX 737-7194. 
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require 
‘The MAX27\ offers all the benefits of the MAX270 with the addition of a track-ap 
can be used to upgrade non-sampling analog-to-<igttal converter designs ip 
-Filter D ‘ 
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EDN CARAVAN ELECTRONIC SHOW TOURS 
The Electronic Trade Show on Wheels 
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e EDN sponsored "traveling trade 
show" hits the road again this spring. 
This modern version of the trade 
show delivers "hands on" working 

exhibits directly to the engineers’ business 

doorstep. Over 100 leading electronic 
equipment manufacturers across the coun- 
try will host the EDN Caravan Show on- 
site. Factory and local experts will staff 
exhibits on-board the customized mobile 
showroom. In a matter of minutes, 
engineers can watch or operate demos, 
ask questions and learn about up-to-the- 
minute product developments. 






















A COMPANY OF 


Nicolet 





INSTRUMENTS OF DISCOVERY 


=> ater 


== Microelectronics 





Check EDN Caravan Show schedule and mark your calendars now for the date 
Wwe visit your company. Make it a point to attend this unique electronics exhibit 
and look for the suppliers listed here. (schedule subject to change.) 
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EDN CARAVAN ELECTRONIC SHOW TOURS 
The Electronic Trade Show on Wheels 





DATE TIME LOCATION 

5/1 9:00-11:00 HONEYWELL INC. 
Friday AM 1100 Virginia Drive, Fort Washington, PA 
5/1 12:30-2:30 UNISYS CORP, East Coast Dev. Ctr. 
Friday PM 2476 Swedesford Road, Paoli, PA 
5/4 9:00-11:00 GE ASTROSPACE DIVISION 
Monday AM 230 Goddard Blvd., King of Prussia, PA 
5/4 1:00-3:00 GE ASTROSPACE DIVISION 
Monday PM Jct. Routes 571 & 535, East Windsor, NJ 
5/5 9:00-11:30 AT&T BELL LABORATORIES 
Tuesday AM Crawfords Corner Road, Holmdel, NJ 
5/5 12:30-2:00 AT&T BELL LABORATORIES 
Tuesday PM 200 Laurel Avenue, Middletown, NJ 
5/5 3:00-4:30 AT&T BELL LABORATORIES 
Tuesday PM 307 Middletown-Lincroft Rd., Lincroft, NJ 
5/6 11:00-1:30 AT&T BELL LABORATORIES 
Wednesday AM-PM 600 Mountain Avenue, Murray Hill, NJ 
5/7 8:30-11:00 AT&T BELL LABORATORIES 
Thursday AM 67 Whippany Road, Whippany, NJ 
5/7 12:00-1:30 SMITHS INDUSTRIES, INC. 
Thursday PM 7-11 Vreeland Road, Florham Park, NJ 
5/8 9:00-11:00 GEC MARCONI ELECTRONICS 
Friday AM 150 Parish Drive, Wayne, NJ 
5/8 | 1:00-3:00 BENDIX GUIDANCE & CONTROL 
Friday PM SYSTEMS 

Route 46, Teterboro, NJ 
5/11 9:00-12:00 GRUMMAN CORPORATION 
Monday AM Stewart Avenue, Bethpage, NY 
5/11 1:30-3:30 GRUMMAN CORPORATION 
Monday PM Maxess Road, Melville, NY 
5/12 9:00-11:00 LORAL ELECTRONICS 
Tuesday AM Ridge Hill, Yonkers, NY 
5/12 1:30-3:30 © PERKIN ELMER CORP. 
Tuesday PM 50 Danbury Road, S. Wilton, CT 
5/13 8:00-10:30 SIKORSKY AIRCRAFT 
Wednesday AM 6900 N. Main Street, Stratford, CT 
5/13. 12:30-2:00 PITNEY BOWES INC. 
Wednesday PM One Waterview Drive, Shelton, CT 
5/13 3:00-4:15 PITNEY BOWES INC. 
Wednesday PM 1 Parrot Drive, Shelton, CT 
5/14 8:30-10:30 GENERAL DATA COMM, INC. 
Thursday AM Straights Turnpike, Middlebury, CT 
5/14 1:00-2:30 BRISTOL BABCOCK INC. 
Thursday PM 1100 Buckingham Street, Watertown, CT 
5/15 11:00-1:30 RAYTHEON CO., Submarine Signal Div. 
Friday AM-PM 1847 West Main Road, Portsmouth, RI 
5/18 9:00-10:30 CODEX CORPORATION 
Monday AM 85 Dan Road, Canton, MA 
5/18 11:30-1:00 NORTHROP CORPORATION 
Monday AM-PM 111 Morse Street, Norwood, MA 
5/18 2:00-3:30 |. FOXBORO COMPANY 
Monday PM 38 Neponset Ave., Foxboro, MA 
5/19 8:30-11:00 POLAROID CORPORATION 
Tuesday AM 565 Technology Square, Cambridge, MA 
5/19 12:30-2:30 BOLT, BERANEK & NEWMAN, INC. 
Tuesday PM 70 Fawcett Street, Cambridge, MA 
5/20 8:00-10:30 AT&T BELL LABORATORIES 
Wednesday AM 1600 Osgood Street, North Andover, MA 
5/20 11:30-1:30 RAYTHEON CO., Missile Systems Div. 
Wednesday AM-PM 50 Apple Hill Drive, Tewksbury, MA 
5/21 8:30-10:00 LOCKHEED/SANDERS ASSOCIATES 
Thursday AM 65 River Road, Hudson, NH 
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DATE TIME LOCATION 

5/21 11:00-12:30 LOCKHEED/SANDERS ASSOCIATES 
Thursday AM-PM 95 Canal Street, Nashua, NH 
5/21 1:30-3:30 KOLLSMAN CORPORATION 
Thursday PM 220 Daniel Webster Hwy., Merrimack, NH 
5/22 10:00-12:30 DIGITAL EQUIPMENT CORPORATION 
Friday AM-PM 126 Main Street, Maynard, MA 
5/26 8:30-10:00 RAYTHEON COMPANY, Equipment Div. 
Tuesday AM 528 Boston Post Road, Sudbury, MA 
5/26 11:00-12:30 RAYTHEON COMPANY, Equipment Div. 
Tuesday AM-PM 430 Boston Post Road, Wayland, MA 
5/26 2:00-3:30 RAYTHEON COMPANY, Equipment Div. 
Tuesday PM 1001 Boston Post Road, Marlboro, MA 
5/27 10:00-1:00 GTE GOVERNMENT SYSTEMS CORP. 
Wednesday AM-PM 197 First Street, Needham, MA 
5/27 2:30-4:00 DATA GENERAL CORPORATION 
Wednesday PM 4400 Computer Drive, Westboro, MA ° 
5/28 9:00-11:30 IBM CORPORATION 
Thursday AM Neighborhood Road, Kingston, NY 
5/28 1:30-3:30 IBM Corporation 
Thursday PM Boardman Road, Poughkeepsie, NY 
5/29 9:00-11:30 GENERAL ELECTRIC COMPANY 
Friday AM 1 River Road, Schenectady, NY 
5/29 12:30-2:30 GENERAL ELECTRIC COMPANY 
Friday PM CR&D Center, Schenectady, NY 
6/1 9:00-11:30 CAE-LINK CORPORATION 
Monday AM Kirkwood Industrial Park, Binghampton, NY 
6/2 8:30-11:00 IBM CORPORATION 
Tuesday AM 1701 North Street, Endicott, NY 
6/2 12:00-2:30 IBM CORPORATION 
Tuesday PM Bodle Hill Road, Owego, NY 
6/3 9:00-11:00 SMITH CORONA CORP. 
Wednesday AM 839 Route 13, South, Cortland, NY 
6/3 1:00-3:00 NCR CORPORATION 
Wednesday PM 950 Danby Road, Ithaca, NY 
6/4 9:00-11:00 XEROX CORPORATION 
Thursday AM Phillips Road, Webster, NY 
6/4 12:00-2:00 XEROX CORPORATION 
Thursday PM Hofstra Drive, Henrietta, NY 
6/5 8:30-11:00 ALLEN-BRADLEY COMPANY 
Friday AM 747 Alpha Drive, Highland Heights, OH 
6/5 12:30-2:30 WESTINGHOUSE ELECTRIC CORP, 
Friday PM Naval Systems 

18901 Euclid Avenue, Cleveland, OH 
6/8 9:00-11:00 RELIANCE ELECTRIC COMPANY 
Monday AM 6065 Parkland Blvd., Cleveland, OH 
6/8 12:30-2:00 PICKER INTERNATIONAL 
Monday PM 595 Miner Road, Highland Heights, OH 
6/9 9:00-11:00 SYSTEMS RESEARCH LABORATORIES 
Tuesday AM 2800 Indian Ripple Road, Dayton, OH 
6/9 1:30-4:00 |. NCR CORPORATION 
Tuesday PM Brown & Caldwell Streets, Dayton, OH 
6/10 9:00-12:00 LEXMARK INTERNATIONAL 
Wednesday AM 740 New Circle Drive, Lexington, KY 
6/11 9:00-11:30 AT&T CONSUMER PRODUCTS LABS 
Thursday AM 6612 E. 75th Street, Indianapolis, IN 
6/11 1:30-3:30 ©GM/DELCO ELECTRONICS 
Thursday PM 2150 East Lincoln Road, Kokomo, IN 
6/12 9:00-11:00 MAGNAVOX GOV’T & INDUSTRIAL 
Friday AM ELECTRONICS 

1313 Production Road, Fort Wayne, IN 
6/12 12:30-2:30 ITT Aerospace/Communications Div. 
Friday PM 1919 West Cook Road, Fort Wayne, IN 
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Computer Aided 
Product Selection 


KEYBOARDS 
CONTROL PANELS 


FREQUENCY SYNTHESIZERS 


A COMPANY OF 
Cggethecd casary RESISTIVE 
World Class Connections SYSTEMS 


\ | Innovators in Instrumentation 


WAVETEK 





wherever tec 


bilities built 


At the speed technology is advanc- — —— 
ing, you need to be ready for any- | in. Yer 
thing. On a limited budget. : this 

The NEW 3900 Pro- sup- 
Ssramming System keeps port is 
up with your most offered 
advanced designs while in device 
keeping device- : libraries so you 


programming — 
costs down. It . 
offers leading-edge support fo 
FPGAs, PLDs, memory devices, 

and microcontrollers up to 88 pins, 
with future device and package capa- 


pay for only what 

you need, when you 

| need it. And you can get 
into the 2900/3900 Programming 


to 88-pin support and beyond with a 
*U'S. list price only. 


Data 1/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444 
1-800-3-DatalO (1-800-332-8246) 

Data 1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 537, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866 

Data I/O GmbH Lochhamer Schlag 5A, 8032 Graefelfing, Germany, 089 858580 

Data 1/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 
033 432 6991/Telex 2522685 DATAIO J 

Data I/O Limited 660 Eskdale Road, Winnersh, Wokingham, Berkshire, United Kingdom RG11 5TS, 0734 440011 


©1991 Data 1/O Corporation 
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Series for as little as $2995* Move up - 











simple upgrade. _ 

Find out how the 3900 can make 
your future affordable. _ 

Call today for more information 


and we'll also send you a FREE copy 


of Data I/0®’s all-new, and expanded 
1991 Wall Chart of Programmable 
Devices (a $24.95 value). 

‘To qualify, just call us with the 
brand name and serial number of any 
programmer you are currently using. 


_1-800-3-DataIO 


(1-800-332-8246) 


The Personal Silicon Experts 


DATA I/O — 


Corporation 





EDN-PRODUCT UPDATE 





Programmable chip set lowers power 
and reduces size of disk drives 


Hard-disk-drive designs typically 
require custom analog circuits to 
handle data and servo functions, 
but a 38-chip set, called Search], 
may change that. The set combines 
programmable analog and digital 
signal-processing techniques to 
achieve flexibility in a standard 
product. 

The three chips are the Search] 
servo-channel device, the Reach2 
read-channel device, and the Spin1 
Servo-processor interface. Collec- 
tively, they dissipate <1W when 
active. The set typically uses less 
power, however, because it offers 
numerous power-saving modes. 

The Search1 (ATT93C010) incor- 
porates three independent proces- 
sors: a general-purpose microcon- 
troller (wC), a digital signal-proces- 
sing (DSP) wP, and a timing proces- 
sor. The general-purpose wC, based 
on a 380-MHz 80C31 with 256 bytes 
of RAM, manages the host interface 
and data-path control. The DSP pP 
handles digital filtering and com- 
pensation for the servo channel. 
The timing processor generates and 
monitors servo timing signals as 
well as clocks for other chips in the set. 

The Reach2 (ATT91C020) con- 
tains all of the analog read-channel 
and servo-demodulator circuits. Its 
functions include a programmable 
frequency synthesizer, AGC cir- 
cults, a 7-pole data-channel filter, 
a third-order servo filter, pulse and 
peak detectors, a write-precompen- 
sation circuit, a data synchronizer, 
a servo demodulator, and an RLL 
(1,7) encoder/decoder (ENDEC). 
The device offers separate channels 
for the servo and data circuits, al- 
lowing you to turn off the data cir- 
cuits to save power when operating 
the disk drive in a track-follow 
mode. 

The Spinl (ATT93C010) includes 
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Search] from AT&T integrates most of the functions needed in a hard-disk drive in a 
3-chip set. Together, the devices consume <1W when fully active and offer some 600 


power-saving operating modes. 


10-bit ADCs and DACs, a 6-channel 
analog multiplexer, six digital- 
output storage registers, an 8- or 
16-bit multiplexed processor inter- 
face, and an internal voltage refer- 
ence. The data converters let you 
monitor and control the disk’s voice- 
coil actuator and monitor servo 
bursts. 

The chip set’s programmability 
provides multizone, constant-den- 
sity recording at data rates from 
6.67 to 40 Mbps. Factors such as 
pulse-detector qualification thresh- 
olds, analog-filter corner frequen- 
cles, data precompensation, and 
data-synchronizer window shift let 
you control virtually all of your 
drive’s operating parameters and 
qualification levels. 

The programmability comes in 
many forms. The processors use 
RAM-based programming. The fil- 
ters use signals from the frequency 
synthesizer together with phase- 
locked loops to set corner frequen- 
cles. Many of the other programma- 
ble elements are accessible through 
a serial interface. 

The set’s programmability also 
extends to its power consumption. 
Because CMOS logic’s power con- 


sumption is frequency dependent, 
you can control the power of a func- 
tional block by adjusting its clock 
rate. Many of the set’s functional 
elements depend on clocks from the 
frequency synthesizer. Therefore, 
you can reduce average power con- 
sumption by slowing the clocks to 
sections not in use. 

A development kit is available to 
help speed your system design. It 
includes an evaluation board, 
source code for actuator and servo 
spindle control, DSP and wC assem- 
blers, and application notes. The 
board is usable with any 80C31 
emulator for debugging control 
software. Its prototyping area lets 
you add the magnetic head pream- 
plifiers and drivers, then connect 
the board to your drive prototypes. 
Sample prices are <$10 for the 
Searchl and Reach2 chips and <$4 
for the Spinl. The devices come in 
shrink quad flatpacks. 

—Richard A Quinnell 

AT&T Microelectronics, Dept 
52040420, 555 Union St, Allentown, 
PA 18103. Phone (800) 372-2447, 
ext 829; in Canada (800) 553-2448. 
FAX (215) 778-4106. Circle No. 735 
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DSP boards pack lots of memory 
and unusual I/O capabilities 


Even though DSP coprocessor 
boards for the 16-bit ISA bus are 
common, and many of them embody 
analog I/O capabilities, the 
TMS3820C40-based DT3801 series 
boards are noteworthy. They use 
all of the ’C40’s I/O facilities: six 
communications ports and six chan- 
nels of intelligent DMA. The boards 
also include large amounts of mem- 
ory. As a result, they can perform 
many I/O operations simultane- 
ously, synchronizing them where 
appropriate. The architecture also 
allocates computing tasks opti- 
mally: the host PC’s CPU handles 
data management; the DSP uP does 
the number crunching. 

The DT3809 has a 12-bit ADC 
and takes 1 Msample/sec on one 





channel, 800 ksamples/sec on 16 sin- 
gle-ended or eight differential chan- 
nels at unity gain, or 320 ksamples/ 
sec on its multiple channels at soft- 
ware-selectable gains of 2, 4, and 
8. The DT3808 has an 8-channel si- 
multaneous sample/hold capability 
and makes 160,000 16-bit A/D con- 
versions/sec. The DT8801-G has 
eight differential inputs and a 250- 
ksample/sec, 12-bit ADC. It in- 
cludes programmable antialiasing 
filters for all inputs. Each board 
also includes two 200k-point/sec, 16- 
bit DACs and 16 channels of digital 
I/O that operates to 4 Mbytes/sec. 
All models have 4 Mbytes of 
DRAM, 512 kbytes of SRAM, and 
256 bytes of nonvolatile SRAM, in 
addition to 8 kbytes of configuration 


RAM (also nonvolatile). The vola- 
tile memory is organized in 32-bit 
words. The densely packed boards 
use surface-mount components on 
both sides. The design allows add- 
ing still more memory on daughter 
boards or on additional ISA bus 
boards. Prices range from $7195 to 
$7595. A developers’ software kit, 
which includes Spectron’s Spox 
DSP operating system, costs $2995. 
An emulator for the DSP pP takes 
advantage of the chip’s IEEE-1149 
port and costs $8000. 
—Dan Strassberg 
Data Translation Inc, 100 Locke 
Dr, Marlboro, MA 01752. Phone 
(508) 481-3700. FAX (508) 481- 
8620. Circle No. 732 
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These boards for the 16-bit ISA bus capture, manipulate, and output waveform data. Nevertheless, the block di 
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And Now. Just one thing arrays, and SOICs. UniSite is designed 
stands between you and for the future. Data I/O®’s universal 
your “hot” new design: a pin-driver technology eliminates pin- 
device programmer that out adapters, for single-site program- 
can handle it. That’s why ming of each device type. 
the UniSite™ Universal ___ And its new PinSite™ 
Programmer is the programming module 
designer’s first choice. uses Data I/O’s new 
UniSite is always .4 Universal Package 
first to support the System,™ to support 
latest devices like all surface-mount pack- 
the Altera Max, ages from one site. Adding 
AMD MACH,™ and device support is easy 
the newest FPGAs. too, with UniSite’s update 
It also supports more diskettes. They’re released 


packages — including PLCCs 
and LCCs up to 84 pins, pin grid 


quarterly, so you'll always have sup- 
port for the latest devices — first. 


Data /O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444 
i 1-800-3-DatalO (1-800-332-8246) 


Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761, in North America 1-800-3-DatalO (1-800-332-8246) 


Data I/O Europe 660 Eskdale Road, Winnersh, Wokingham, Berkshire, United Kingdom RG11 5TS, 0734 448899 

Data I/O GmbH Lochhamer Schlag 5A, 8032 Graefelfing, Germany, +49 (0)89-858580 

Data i/O Japan Sumitomoseimei Higashishinbashi Bidg. 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 
_ 011-81-3-3432-6991 

Data I/O Limited 660 Eskdale Road, Winnersh, Wokingham, Berkshire, United Kingdom RG11 5TS, 0734 440011 


©1992 Data I/O Corporation 
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rogram your hot 
new parts here 





Call your local Data I/O repre- 
sentative listed below to find out 


more about UniSite. 
Austria Israel 
0222 827474 03 492001 
Belgium Italy 
Q2 252 3690 02 618 1893 
Denmark Netherlands 
042 458320 040 382911 
Eastern Europe Norway 
A4 932 586355 Q2 901190 
Finland Spain 
90 5023300 Ol 2425204 
France Sweden 
013 9568131 O08 380370 
Germany Switzerland 
089 858580 Ql 723 1410 
Greece Turkey 

172 49511 1 599 3050 
Ireland United Kingdom 
031 953000 0734 440011 


DATA I/O 
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DC-DC Converter 
Transformers and 
Power Inductors 


These units have gull wing construction 
and are packaged in shipping tubes, 
which is compatible with tube fed auto- 
matic placement equipment or pick and 
place manufacturing techniques. Trans- 
formers can be used for self-saturating or 
linear switching applications. The Induc- 
tors are ideal for noise, spike and power 
filtering applications in Power Supplies, 
DC-DC Converters and Switching Regu- 
lators. 


e Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

e Transformers can be used for 
self-saturating or linear 
switching applications 

® Schematics and parts list 
provided with transformers 

e Inductors to 20mH with DC 
currents to 23 amps 

e Inductors have split windings 


Delivery— 
stock to one week 


PICO 


® 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 
FAX 914-699-5565 
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Module adds high-quality 
sound to multimedia units 


High-quality sound can be as im- 
portant to a multimedia presenta- 
tion as dazzling graphics displays. 
The EMU8801 embedded module 
lets Multimedia Personal Computer 
(MPC) designers add profession- 
al audio to their products via Musi- 
cal Instrument Digital Interface 
(MIDI) sequences. Repeated access 
to digitally stored sound samples 
conserves system memory space 
and provides a high degree of in- 
teractivity. 

The module employs the com- 
pany’s Soundengine technology, 
which consists of three compo- 
nents—Soundfile ROMs, a dedi- 
cated DSP chip called the G1.5 chip, 
and licensed firmware. The 
Soundfile ROMs contain 16-bit lin- 
ear CD-quality digital samples. The 
4-Mbyte ROM has more than 210 
samples and waveforms, including 
a selection of musical instruments 
and sound effects. 

The G1.5 chip contains an audio- 
mixing function that allows the 
module to generate 32 discrete 
voices simultaneously. Besides gen- 
erating addresses to access samples 
from the Soundfile, the chip per- 
forms the timing tasks to generate 
a 20-Hz to 20-kHz frequency re- 
sponse. It also dynamically controls 
amplitudes and pitch shifts and 
drives two DACs and associated re- 
construction filters. The two stereo 
output signals can deliver 4 dBm 
into 600 loads. The total-har- 
monic-distortion plus noise and in- 
termodulation-distortion specifica- 
tions are less than 0.05% 

A 10-MHz 68000 pP controls the 
Soundengine whose firmware re- 
sides in two 64kx8-bit EPROMs 
and functions as an operating sys- 
tem for the »P. The firmware also 


interprets standard MIDI com- 
mands from a host computer or a 
MIDI keyboard via a 26-pin MIDI- 
compatible connector. The host 
computer, which generates, stores, 





The EMU8801 module lets you add MIDI- 
controlled professional-quality sound to a 
multimedia personal computer. Proprietary 
Soundengine technology contains 16-bit 
digital samples and generates 32 simulta- 
neous voices. 


and edits MIDI sequences, commu- 
nicates with the board using stan- 
dard MIDI protocols. 

The 3.5 X 5.5-in. Soundengine re- 
quires a regulated 5V supply at 500 
mA max for the digital sections. 
The DACs and output op amps re- 
quire 100 mA max from regulated 
+12V supplies. The board sells for 
$200 (5000). The company also sells 
the module as a 4-chip set, called 
the EMU8305, for $99 (50,000). 

—John Gallant 

Emu Systems Inc, Box 660015, 
Scotts Valley, CA 95067. Phone 
(408) 488-1921. FAX (408) 438- 
8612. Circle No. 733 


the benefits of a — 
aser printer ==: 


LOW COST | 


SHARP, HIGH QUALITY OUTPUT 
FAST PRINTING SPEED 
PLAIN PAPER ] 








At last. A personal output device that com- ing HP-GL*® 

bines the best features of a desktop laser and PostScript® tet, 
printer with the ability to produce large format language emulation cards. —_t, 
drawings. It’s called ProTracer — a RAP At Pacific Data Products, z9j 
360 dpi desktop printer/plotter that Accessories we're devoted to customer = nad 
produces A, B, as well as C-size output. | HP-Gl emulation card $399 | service. We offer a 60-day money _ 

ProTracer’s speed and quiet oper- | PostScript language emulation card S499 | back guarantee of satisfaction, one year 
ation come from the latest Canon 2 ME memory uae 527 | and optional extended warranties, and 


inkjet technology and an Intel i960 + mE memory ungrans $499 


processor. Drawings that take up to 


free lifetime technical support. Should 
you require a replacement unit while 


8 MB memory upgrade $899 





half an hour to print on a pen plotter a8 ae ie S under warranty, one will be rushed to 

take only five minutes on ProTracer! PacificTalk si99 | YOU immediately to minimize your 
And, unlike other large format (AppleTalk interface module) downtime. 

devices, ProTracer isn’t limited to Gesalh cas case If you'd like to expand your 

plotting. Start with the ProTracer base unit that printing and plotting capabilities, call Pacific Data 


incorporates resident IBM ProPrinter and Epson LQ- _ Products at (619) 597-4653, Fax (619) 552-0889. 
1050 emulations, as well as an ADI plotter driver for 


AutoCAD users. Then, depending on your needs, P AC I F | C DATA 


choose from a variety of optional accessories includ- PRODUCTS 


Pacific Data Products, Inc., 9125 Rehco Road, San Diego, CA 92121. ProTracer is a trademark of Pacific Data Products, Inc. PostScript is a registered trademark of Adobe Systems, Inc. Canon is a registered 
trademark of Canon, Inc. All other trade names referenced are the trademarks or registered trademarks of the respective manufacturer. Nozzle image courtesy of AutoDesk Inc. Tiger rendering, artist unknown; 
picture part of public domain. ProTracer uses the latest in high technology innovation including PeerlessPage™, the advanced Imaging Operating System from Peerless. EUROPEAN OFFICES: Geneva Tel (41) 22 
41 26 50, Fax (41) 22 41 06 82, France Tel (33) 1 39 23 20 00, Fax (33) 1 39 63 31 20, U.K. Tel (44) 442 231414, Fax (44) 442 23 65 40 © 1992 Pacific Data Products, Inc. 
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POWER 
SUPPLIES 


meet all your 
military, computer 

and industnal 

— 


® Both Linear and Switchin 
Models available New Switching 
Series .500” Tall 

® Linear available with terminal strip 
or PC mount 

_ @ Single, Dual, Triple Outputs 
® No Derating to 70°C 

® Regulated—lsolated 


® Up to 200 Watts © 
available : 

® Universal AC Input 
85—264V AC 
up to 65 Watts 

® Jumper Selectable Inputs up to 
200 Watts 

® Short Circuit Protection 

® UL-CSA-TUV Compliant 

® Regulated-lsolated 

® Multiple Outputs 


® Low Profile .500” Height 

® Meet MIL-STD-704D Input 
Requirements 

® Optional — 55°C to + 85°C 
Operating Temperature 

® Selected Environmental 
Screening per MIL- ar sae 
available 


pide 


Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
-_ IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 
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1.8-in. hard-disk drive 
provides 64 Mbytes 


You’ve probably never thought 
you'd carry a 64-Mbyte hard-disk 
drive in your shirt pocket. The 
Portables Series of removable 1.8- 
in. hard-disk drives makes this 
thought a reality. The series con- 
sists of four models. The Miniport 
64 and 32 fixed embedded drives 
have an IDE interface and 64- and 
32-Mbyte capacities, respectively. 
The Miniport 64P and 32P remov- 
able drives have a Personal Com- 
puter Memory Card International 
Association (PCMCIA) interface 
and also have 64- and 32-Mbyte ca- 
pacities, respectively. 

The removable drives employ the 
same standard 68-pin connector 
used by PCMCIA-compatible mem- 
ory cards. The Miniport 32P drive 


has a height of 10.5 mm, which con- — 


forms to the thick-card height of the 
PCMCIA Type III standard. The 
Miniport 64P has a custom height 
of 18.5 mm. The 32-Mbyte drive 
weighs less than 2.3 oz, and the 64- 
Mbyte drive weighs less than 2.65 
oz. Each drive is 2.0 in. wide. 

To meet the durability require- 
ments of a portable computer, each 
drive can withstand a 20g shock 
while operating and a 200g shock 
when it’s not operating. A mechani- 
cal actuator securely parks the 
head. In addition, a shock-sensor 
circuit senses jarring movements 
during write commands to prevent 





writing on the wrong track. The 
drives feature a patented spindle- 
motor design that is shock resis- 
tant. 

To conserve power, each drive 
has five different power modes. The 
drives consume 600 mA during spin 
up; 300 mA during seeks; 500 mA 
during reads and writes; 20 mA 
during sleep; and 1 mA in deep 
sleep. A 256-kbyte buffer elimi- 
nates unnecessary spin-ups. In ad- 
dition, an adaptive software power- 
management system enables the 
drives to monitor the frequency of 
commands from the host. This op- 
eration creates a statistical data- 
base and allows the drive to adjust 
the power consumption based on 
usage. 

The disk drives feature an 18- 
msec access time and a host data- 
transfer rate as fast as 5 Mbytes/ 
sec. Other key specifications include 
average latency of 6.67 msec; track 
density of 2400 tpi; bit density of 
56,000 bpi; spindle speed of 4500 
rpm; operating altitude of 40,000 ft; 
and an MTBF of 250,000 hours. 
Evaluation units are available for 
$425, and production quantities will 
be available in the third quarter of 
1992.—John Gallant 

Ministor Peripherals Corp, 2801 
Orchard Pkwy, San Jose, CA 
951384. Phone (408) 943-0165. FAX 
(408) 484-0784. Circle No. 730 


This series of removable and 
fixed 1.8-in. disk drives can 
withstand the rugged re- 
quirements for portable and mo- 
bile computers. 
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i he DDC EXPRESS is rolling 
and has the competition beat with 
new innovative products for your 
modern synchro/resolver designs. 

The first in the station is the low- 
cost 3! This full feature 
Synchro- or Resolver-to-Digital 
converter measures only 1.0 x 0.78 x 
0.21" and it is loaded! The new 
34-pin, ceramic package contains 
programmable 10-, 12-, 14-, or 16-bit 
. resolution, 16-bit parallel data, 
Built-In-Test, and a tachometer 
quality velocity output. All this with 
single 5 Volt power supply 
operation! 

The train does not just stop here, it 
keeps right on rolling. You can have 
all the above features packed into a 
smart two-channel design. The 5 


1553 DATA BUS 
POWER HYBRIDS 


DDC EXPRESS IS ROLLING 





s : to provers mo nolithic RID : 


SYNCHRO CONVERSION 
A/D & D/A CONVERSION 


ILC DATA DEVICE 
CORPORATION ® 


SOLID-STATE POWER CONTROLLERS 


volt only puts two 
independent Synchro- or Resolver- 
to-Digital converters in a 54-pin, 
ceramic package that is only a mere 
0.5 inches larger, 1.5 x 0.78 x 0.21"! 
It also has the added flexibility of a 
separate reference for each channel. 





ify you are interested in a 








Both these new converters are based 
on DDC’s latest high-reliability, 
single-chip, monolithic design! The 

and will 
be available with -55°C to +125°C 
operating temperature range and 
military 883B processing. 

If you are involved in designing 
high-performance military or in- 
dustrial position control systems, 
systems for radar antenna or FLIR 
positioning, navigation and fire 
control, motor control, and robotics, 
“then don’t let the train pass you by.” 
Hop aboard The DDC EXPRESS for 
the latest in low-cost, full feature, 
hybrid synchro products. 

For more information call your 
conductor Jerry Kessler at (516) 
567-5600 extension 383. QO 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, NY 11716, 
(516) 567-5600, TLX: 310-685-2203, FAX: (516) 567-7358, (516) 563-5208, Toll Free Outside N.Y. 1-800-DDC-1772 
WEST COAST (CA): GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988; 
WOODLAND HILLS, (818) 992-1772, FAX: (818) 887-1372 
WASHINGTON, D.C. AREA: (703) 450-7900, FAX: (703) 450-6610 
NORTHERN NEW JERSEY: (201) 785-1734, FAX: (201) 785-4132 
UNITED KINGDOM: 44 (635) 40158, FAX: 44 (635) 32264; IRELAND: 353 (21) 341065, FAX: 353 (21) 341568 
FRANCE: 33 (1) 4333-5888, FAX: 33 (1) 4334-9762; GERMANY: 49 (8191) 3105, FAX: 49 (8191) 47433 
SWEDEN: 46 (8) 920635, FAX: 46 (8) 353181; JAPAN: 81 (33) 814-7688, FAX: 81 (33) 814-7689 
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Dual-port SRAMs provide semaphores 
for software memory arbitration 


A 4-member family of dual-port 
static RAMs (SRAMs) provides on- 
chip logic that helps simplify mem- 
ory-access arbitration in multipro- 
cessor systems. The logic includes 
interrupts, busy signals, and sema- 
phores that help processors commu- 
nicate their use of shared memory. 
The devices are also fast enough to 
support 50-MHz systems; all family 
members offer 15-nsec access time. 
They come in differing configura- 
tions (See Table). 

The three types of arbitration 
logic (Fig 1) give you a range of 
options in providing memory ar- 
bitration. First, the busy signal is 
the most basic. A processor at- 
tempting to access memory being 
used by the other processor will re- 
ceive a busy signal. That signal will 
cause the requesting processor to 
execute wait states until the mem- 
ory becomes available. 

Second, the interrupt signal al- 
lows you to avoid wasting time in 
wait states by allowing processors 
a basic form of communication. The 
processor on one port can write a 
message into a reserved area of the 
SRAM, causing the SRAM to gen- 
erate an interrupt to the other proc- 
essor. The second processor can 
then read the message to clear the 
interrupt. This message-passing in- 
terrupt scheme allows one proces- 
sor, for example, to signal the other 
that the shared memory is now 
stocked with data for a specific task. 

Third, semaphores provide a 
more sophisticated memory-use sig- 
nal. The semaphore is a latch that 
is controlled by only one port at a 
time; its meaning is determined by 
system software. When a processor 
wants to use a semaphore, it ad- 
dresses that latch and attempts to 
write a zero. If successful, it will 
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Fig 1—Dual-port SRAMs offer on-chip arbitration and semaphore logic as well as a 
15-nsec access time. 


have control of that semaphore. The 
other processor will read a one and 
be unable to write a zero to that 
semaphore until the first processor 
releases its control. Each device in 
the family offers eight independent 
semaphores. : 

The semaphores allow you to set 
up a complex memory-arbitration 
scheme in your system software. 
For example, you can use the sema- 
phores to define eight regions in an 
SRAM that is serving as a disk 
buffer. The host processor asserts 
the semaphores, begins filling the 






Part No. and size... ..Price 
_CV7B134..4kx8...., $4210 


CY7TB135.4kx6... = $48.40 ~~ 





CY7B1342..4kx8..... . $48.40 
CY78189..4kx9... . . $63.1 

CY7B144..8KxB..... . $84.20 
CY7B145..8kx9...... . $84.20 








SRAM with data for transfer to 
disk, and alerts the disk controller 
to begin reading data. 

As the processor finishes filling 
each region, it releases the corre- 
sponding semaphore so that the 
disk controller can assert the sema- 
phore and begin to read. When the 
disk controller finishes with a re- 
gion, it can release the semaphore 
and allow the host processor to fill 
the region with additional data. A 
single block transfer can thus fill 
the SRAM many times over with- 
out forcing either the host processor 
or disk controller to idle. 

The SRAM family offers 8- and 
9-bit-wide devices. If your memory 
system is wider, you can still make 
use of the semaphore, busy, and in- 
terrupt signals without additional 
logic. The devices are pin-configur- 
able to function as either a master 
or a Slave, allowing you to deal with 
only a single device’s signals when 


_arbitrating memory access. 





It's Here! VRSA-Tile (Versatile Raytheon Smart ASICs) 
is Raytheon Semiconductor's newest family of high-speed, 
precision analog and mixed-signal ASICs. Both array and 
standard cells will be offered using a variety of 
high-performance, complementary bipolar and CBiCMOS 
technologies. And all are supported by a comprehensive PC 
and workstation-based CAD system. 


For more information, give us a call at 1-800-722-7024. 
In France: 01-46-3106-76 

In Germany: 089-53-09-93-0 

In Japan: 03-3280-4776 

In the U.K.: 0264-33-46-16 


Raytheon Company, Semiconductor Division 
350 Ellis Street, Mountain View, CA 94043 


CIRCLE NO. 84 


RPA160 is Raytheon's new precision 16-tile array and the 
first member of the VRSA-Tile family. It provides you, the system 
designer, with high-speed system performance from component 
level macrocells. 

Emitter sizes of 6 2, complementary bipolar processing with 
4 GHz fr NPNs and 1.5 fr GHz vertical PNPs, thin-film resistors, 
and 20 predesigned and characterized macrocells — with analo 
signal processing speeds in excess of 200 MHz! » | 

Think of the possibilities — like integrating your video 
processing, communications, or instrumentation subsystems on a 
single IC. 

Show us your design — and we'll show you how easily and 
quickly it can be integrated on an RPA160. Prototypes can be 
turned around in six to ten weeks. 

If you've been waiting for a VRSA-Tile high-speed precision 
array, it's here! 





WE THRIVE ON CHALLENGES 
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Featuring the fastest and smallest self contained 
universal device programmer available that supports 
all device technologies up to 240 pins. The BP-1200 
supports DIP, PLCC, SOIC, TSOP, QFP and PGA devices. 


LIFETIME FREE SOFTWARE UPDATES 


Call 1-800-225-2102 for literature and a demo disk 
Made in the USA 








The Engineer's Programmer 


Pit Lod LL 
BP aicrosystems 











10681 Haddington Drive ¢ Houston, TX 77043-3239 PH (713) 461-9430 ¢ FAX (713) 461-7413 
Available in: Australia, Canada, Finland, France, Germany, Italy, Sweden, United Kingdom 
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Ml SOLID STATE DISK 


_ ____ True Hard Disk Emulation 


Flash Technology 


0°-70°C 


THEIRS 


Call MEMETH Today For Your Solid State 
Hard Disk Solution 


Memfech Technology 
3000 Oakmead Village Ct. 
Santa Clara, CA 95051 
800-445-5511 
408-970-8900 


WHY WAIT? 
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PCB LAYOUTS 

¢ Backplanes 

¢ Impedance control 
¢ Analog and ECL 

¢ SMT both sides 
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Three devices related to the 
SRAM family are also available. 
They are the CY7B134, 135, and 
1342 4kx8-bit dual-port SRAMs. 
These devices are stripped-down 
versions in smaller packages run- 
ning at 20-nsec speeds. The 
CY7B1342 offers semaphores with- 
out the interrupt or busy signals; 
the other two offer no arbitration 
logic. ) 

The four family members with 
full arbitration logic come in 68-pin 
LCC, plastic-leaded-chip-carrier 
(PLCC), or pin-grid-array (PGA) 
packages. The CY7B134 stripped- 
down version comes in a 48-pin DIP 
or LCC package. The other two 
stripped-down devices come in 52- 
pin LCC or PLCC packages. 

—Richard A Quinnell 

Cypress Semiconductor, 3901 N 
First St, San Jose, CA 951384. 
Phone (408) 943-2600. Circle No. 731 





LOOKING FOR A 
QUALITY BOARDHOUSE? 


ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 


PCB MANUFACTURING 
¢ 2 Day turn on multi-layers 
¢ Prototype and production 
¢ Gerber Data Review 
¢ Database/Netlist test 


TECHNICAL ASSISTANCE 

¢ PCB layout tips 

¢ Mfg cost cutting tips 

¢ Artwork standards 

¢ Gerber Data via modem, 
24 hours (714) 970-5015 


CALL FOR A QUOTE! 


A MANUFACTURING, LAYOUT AND SUPPORT CENTER 


NCI 


4761 E. HUNTER AVE. ANAHEIM, CA. 92807 
TEL: (714) 970-2430 FAX: (714) 970-2406 


MURRIETTA 
CIRCUITS 
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774 National 
Semiconductor 








Designing a system clock for 
a high-performance application 
can be the ultimate exercise 
in frustration. 

Unless you begin by calling 
National. Our new family of 
advanced CGS™ (Clock Generation 
and Support) products includes 


FEATURES 


= Typical pin-to-pin skew: 
—ECL: 50-150ps 
—CMOS: 100-200ps 


—Bipolar: 200-400ps 
= Extensive development tool support 
= Future CGS products in development 





CLOCK GENERATION AND SUPPORT 


Minimize clock s 


With a minimal loss 


+ 


bipolar, CMOS and 

ECL clock drivers 

tested and guaranteed 

for minimum skew. They 

meet the requirements of high- 
end microprocessors: duty cycle, 
skew, and edge rates. 

And they’re supported with 
the development tools you need 
to simplify your end-system 
design: SPICE models and a CGS 
design handbook that includes 
derating curves. 

All of which means you can 
actually minimize skew while 





of sanity 


optimizing system 

speed and performance. 
Without losing 

your wits. 


Protect your sanity. 
Call National today. 
For more information on our 
CGS2525, CGS2526 and 
100115 clock drivers, call 
1-800-NAT-SEMI, Ext. 177. 


77, National 
Semiconductor 








NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1 800 628 7364, ext. 177; Fax: 1 800 888 5113); EUROPE: Industriestrafse 10, D-8080 Fiirstenfeldbruck, Germany 
(Tel: 49 8141 103 0; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Centre, 5 Canton Rd.,Tsimshatsui, Hong Kong (Tel: 852 737 1654; Fax: 852 736 9921); 
JAPAN: Sanseido Building 5E 4-15-3, Nishi-shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 7001; Fax: 81 3 3299 7000). 


CGS is a trademark of National Semiconductor Corporation. © 1992 National Semiconductor Corporation. 
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SCPI compiler boosts VXI’s speed 
without requiring complex programs 


Although the VXI (VME exten- 
sions for instrumentation) standard 
includes a register-based protocol 
that is inherently speedy, many us- 
ers have balked at the difficulty of 
programming register-based mod- 
ules. Instead, most users have 
opted for message-based VXI in- 
struments, which you can usually 
control as if the instruments were 
communicating via the familiar 
IEEE-488 bus. This choice has 
meant sacrificing the potential VXI 
instruments have to run much 
faster than their [HEE-488-based 
rack-and-stack counterparts. 

Hewlett-Packard hopes to elimi- 
nate this sacrifice with a software 
package called C-SCPI—for com- 
piled SCPI. Many message-based 
VXI instruments support the re- 
cently developed SCPI (standard 
commands for programmable in- 
struments) syntax, which is easy to 
learn and makes short work of 
porting programs to new instru- 
ments. C-SCPI can help you make 
a smooth transition from message- 
based to register-based program- 
ming without requiring you to sacri- 
fice the fast program-execution 
speeds inherent in register-based 
communication. You also won’t 
have to learn the intricacies of com- 
municating with the modules’ regis- 
ters. Using C-SCPI, you write your 
instrument-control programs in 
ANSI C, but you program register- 
based VXI modules in the same 
way you would program message- 
based units. 

One previous alternative to HP’s 
approach has been to use smart 
slot-0 controllers that convert mes- 
sages (including SCPI messages) on 
the fly into a form that register- 
based modules can use. However, 
using any instrument-control 
scheme that requires interpreting 
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verbose messages at run time in- 
curs a speed penalty. With C-SCPI, 
a preprocessor converts the SCPI 
code to ANSI C, from which the 
compiler produces code that talks 
to the modules’ registers. Because 
there is no on-the-fly message inter- 
pretation at runtime, programs run 
much faster than the original SCPI 
commands would run on message- 
based hardware. 

HP has tested the speed of its 
register-based VXI modules per- 
forming certain operations under 
the direction of code produced by 
the SCPI compiler and compared it 
with the speed of various IEEE-488 
and message-based VXI instru- 
ments performing similar opera- 
tions. On average, the register- 
based modules using compiled code 
run about 30x as fast. Some opera- 
tions run 150 x as fast. 


os test() 


To many people, the term “com- 
piled” evokes images of major de- 
bugging hassles. However, by us- 
ing the vendor’s intelligent slot-0 
controllers, you can debug your 
SCPI code in the interpreted mode 
and obtain immediate feedback 
about operational problems and 
your proposed remedies. You sub- 
mit your SCPI code to the compiler 
only after you have the code run- 
ning to your satisfaction in the in- 
terpreted mode. Switching from the 
interpreted to the compiled mode 
does not necessitate reconfiguring 
the system; the controller recog- - 
nizes and interprets the code that 
requires interpretation and passes 
register-level commands on to the 
register-based modules without a 
speed penalty. 

The controllers’ ability to handle 
both SCPI and register-level com- 


—— INST SENDIarb, “LIST: VOLT 4 / 
_ INST__SENDfarb, “LIST: VOLT #224000000010000000200000003") - 
_ INST_ _SENDIarb, “LIST:VOLT: DAC 1,2,3,4°) ; a... 
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As thi ate ical (adil ise the Rear lets you program register-based 
VXI modules in the same way you would program message-based units. A preprocessor 
converts SCP! commands within a C program to ANSI C, and the compiler produces object 
code that talks to the modules’ registers. The object code runs register-based modules 
at much greater speeds than the SCPI commands would run message-based units. 


Not Since You Were a Kid 
Have You Had So Many Choices. 


—_—__-__ 
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Teledyne Components. 
Power Choices for Power Drivers. 


Remember the candy store? Having so much to Best of all, whichever Teledyne Components power 

choose from was the best part of going there. driver you do choose, you know you are selecting high 
And that’s the way it is with Teledyne Components. performance, reliability and the Teledyne name. 

We have the most extensive product offering in power For a free information packet describing our power 


drivers than any other manufacturer in CMOS technol- driver choices, call toll free 1-800-888-9966; in California 
ogy. We have more than 40 individual devices in our (415) 968-9241 or write Teledyne Components, 1300 
product line; single, dual, quad in pull-up or pull-down —_—‘ Terra Bella Avenue, Mountain View, CA 94039. Choosing 
configurations. Our specs range from 1.5Ato9A;15ns power drivers will be like a trip to the candy store! 


“© TELEDYNE COMPONENTS 
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Looking fora 
job doesn't have 
to be one. 













EDN's Career Opportunities 
section keeps you informed 
of current job openings 
from coast-to-coast 
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WHEN ITCOMES T0 SURFACE 
MOUNT CRYSTAL UNITS, 
ONLY RALTRON HAS IT ALL. 


RALTRON manufactures one of the industry’s 
most complete lines of high quality crystal units. 
Call us for all your crystal needs from micro- 
processor to AT strip to tuning fork to high 
accuracy. Or call us for our 28 page catalogue. 
NEW! SURFACE MOUNT CRYSTAL UNIT- 
2.5 MM HEIGHT — T25 SMD 
e Frequency Range: 3.5 MHz-50 MHz 
¢ Oscillation Mode: Fundamental to 3rd O.T. 
e Frequency Tolerance: + 50 ppm @ 25°C 
. © Frequency Stability: + 50 ppm (-10°C to + 60°C) 


NEW! SURFACE MOUNT CRYSTAL UNIT-— 
3.0 MM HEIGHT-— HC-49 SHORT SMD 
e Frequency Range: 8 MHz-50 MHz 
¢ Oscillation Mode: Fundamental to 3rd O.T. 
e Frequency Tolerance: + 50 pom @ 25°C 
e Frequency Stability: + 100 pom max 
(-10°C to + 60°C) 







¢ Crystals ¢ Crystal Oscillators ¢ Crystal Filters ¢« Ceramic Resonators 


RALI RO Lk ELECTRONICS CORP. 


2315 NW 107th Avenue, Miami, Florida 33172 U.S.A. 
FAX (305) 594-3973 TELEX 441588 RALSEN 
(305) 593-6033 
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mands gives users another option; 
they need convert only the time- 
critical portions of their programs 
to directly manipulate the VXI 
modules’ registers. Moreover, in 
systems that mix IEKEE-488 and 
VXI instruments, and even in those 
that mix message-based and regis- 
ter-based VXI units, the compiler 
lets a C program control all of the 
instruments, regardless of what 
company made them. 
C-SCPI—and the object code it 
produces—runs on _  Hewlett- 
Packard’s HP-UX V/382 control- 
lers. You order the compiler as 
model E1570A. It costs $2500 to 
$6600, depending on the instrument 
drivers you choose. Delivery is four 
to six weeks ARO.—Dan Strassberg 
Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
Circle No. 734 
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Transient Analysis - 
Probe Vertical Horizontal Scope 
EXLI.C1 


3.20 


«i { pe raures cy Lae 






Siqacegaartappssacterean gies 


INTRODUCING MICRO-CAP IV. 
MORE SPICE. MORE SPEED. 
MORE CIRCUIT. 


PC-based circuit analysis just became faster. 
More powerful. And a lot easier. Because 
MICRO-CAP IV is here. And it continues a 
12-year tradition of setting CAE price/ 


from SPICE 26.6 models plus extensions. Compre- 
hensive analog behavioral modeling capabilities. 

A massive model library. Instant feedback plotting 
from real-time waveform displays. Direct schematic 





performance standards. waveform probing. Support for both Super and 

Put our 386/486 MICRO-CAP IV to work, Queen a = Extended VGA. 
and you'll quickly streamline circuit creation, AG Analysis And the best is still less. At $2495, MICRO-CAP 
simulation and edit-simulate cycles — on circuits as large as outperforms comparable PC-based analog simulators — even 


10,000 nodes. In fact, even our 286 version delivers a quantum — those $5000+ packages — with power to spare. Further, it’s 
leap upward in speed. Because, for one thing, MICRO-CAP IV available for Macintosh as well as for IBM PCs. Write or call 
ends SPICE-file-related slowdowns; it reads, writes and for a brochure and demo disk. And experience firsthand 
analyzes SPICE text files and MC4 schematic files. It also added SPICE and higher speed — on larger circuits. 

features fully integrated schematic and text editors. Plus an 
interactive graphical interface — windows, pull-down menus, 


mouse support, on-line HELP and documentation — that 1021 S. Wolfe Road 
boosts speed even higher. Sunnyvale, CA 94086 
Now sample MICRO-CAP IV power. It comes, for example, (408) 738-4387 FAX (408) 738-4702 
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Mee fax machines, print- 
ers, scanners, and answer- 
ing machines have altered the pace 
and face of the business world. Na- 
tional Semiconductor’s Dispatch 
chip set and software extends of- 
fice-machine technology, combining 
voice-processing, fax-processing, 
modem, and answering-machine op- 
erations. 

With the Dispatch chip set, which 
comprises a special processor and 
ASIC fax-system controller, you 
can integrate all office-machine 
functions, providing additional op- 
erating options. For example, you 
can store faxes as compressed files 
(8:1) in RAM or hard disk, and then 
forward them on demand. Other ca- 
pabilities include speaker-depend- 
ent speech recognition and duplex- 
modem operation, enabling users to 
call in and remotely access their an- 
swering machines as well as for- 
ward faxes to remote sites. 

Dispatch furnishes three chip-set 
combinations each made up of a 
32FX16x fax/modem controller 
processor and a 32F'Xx00 fax-sys- 
tem-controller ASIC, which drives 
system peripherals. The 32F'X164/ 
32F'X100 combination supports 
high-end V.17 fax and voice proc- 
essing (answering machines). The 
NS32FV16/NS32FV100 supports 
voice-only processing; the NS323- 
F'V161/NS32FX100 supports fax- 
only processing. 

The chip set’s software/hardware 
combination compresses and holds 
as much as 30 minutes of voice stor- 
age, providing record, play, skip, 
and erase functions, as well as vari- 
able-speed playback and private- 
mailbox storage. The chip sets in- 
clude an automatic voice/fax switch, 
as well as touch-tone generation, 
voice synthesis, and laser-printer 
support. A fully integrated office 
system fits on a 5X 4-in., 4-layer 
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This 2-chip set provides voice, modem, facsimile, and printer functions. 


board; National also supplies an tions. The software is written 
evaluation board that can be mainly in C, and source code is 
dropped in for prototyping prod- available. Low-end chip set costs 
ucts. Dispatch handles V.17 and $45 up (1000) (sample qty). 


V.22bis fax and V.29 low-cost —Ray Weiss 

thermal fax. National Semiconductor Corp, 
The chip set includes both run- Box 58090, Santa Clara, CA 95052. 

time and development software Phone (408) 721-6816. FAX (408) 


for voice, modem, and fax func- 730-6241. Circle No. 736 








There is a far side to the world of oscilloscopes, a place filled with all sorts of bizarre characters. Like those 





| who swear you need digital, for the sole reason that digital is all they wish to sell. Then there’s the gang 
that wants to push nothing but analog, Luckily, there's also a place called Tektronix. Where they manufacture a complete line of analog 


and digital scopes. Making them uniquely qualified to provide you with a more honest assessment | == 





of your needs. With anyone else, you could be hearing only half the story. For complete information 
on the full line of Tektronix analog and digital oscilloscopes, get in touch with a Tek representative today. TALK TO TEK/1-800-426-2200 
Tektronix 
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4-bit wC expands 
peripheral low- 
power applications 


| Shana microcontrollers (wCs) 
are single-chip solutions for 
small low-power applications. They 
offer enough processor and periph- 
eral variations to minimize external 
support circuitry, providing a low- 
cost alternative to more powerful 
8-bit wCs. S-MOS’s expanded 
SMC6200 line of 4-bit wCs has a 
number of key peripherals: dot- 
matrix LCD drive, twin clocks, ex- 
ternal memory access, resistance- 
to-frequency conversion, A/D con- 
version, a buzzer driver, and a mel- 
ody circuit. 

Applications for 4-bit wCs like the 
SMC6200 include portable infrared 
controllers, thermostats and ther- 
mometers, refrigerator- and oven- 
temperature control, flow meters, 
utility-meter reading, and smart 
cards. 

Like most 4-bit wCs, the 
SMC6200 C is based on a simple 
accumulator architecture with 4-bit 
A and B accumulator registers fed 
through a 4-bit adder. Data paths 


| Twine 
| clock 
_option 


Part number 
(SMC) 


6251/L51 


6282/L82/A82 
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| ROM 
| (12) 


are 4 bits or anibble wide, whereas 
the instruction words are 12 bits 
wide, providing more program ¢ca- 
pability. The SMC6200 architecture 
supports as much as 8k, 12-bit 

words of program and 4k nibbles 

of data memory. A program counter 
increments the program address; 
two 8-bit index registers, coupled 
with a 4-bit bank address, simplify 
program addressing. Program 
memory is divided into two memory 
banks of as many as 16 pages, each 
holding 256 words. Using the two 
index registers, a program can eas- 
ily pick up a value from one memory 
location and move it to another in 
a single instruction. 

The system has more than 108 
instruction opcodes; an instruction 
takes 5, 7, or 9 clock cycles, depend- 
ing on its complexity. The processor 
handles as many as 85 levels of sub- 
routine nesting with an 8-bit stack 
pointer. I/O is memory mapped to 
ease programming, and the proces- 
sor supports 15 interrupt vectors. 

This ~C supports the dual clock 
architecture developed for the digi- 
tal-watch market. A 32.78-kHz 
clock provides the base for low- 
speed, low-power operation. For 
higher-speed operations, a 455-kHz 


External 


L : vol case 


circuit, analog co 


clock is switched on for short proc- 
essing bursts. This clock combina- 
tion enables devices to run for a 
long time on low power, yet still 
do relatively significant processing 
when needed. 7 

Four-bit Cs tend to lag 8-bit 
Cs in low-cost development tools, 
relying mainly on vendor-supplied 
ICEs and simulators. You can buy 
or rent an ICE from S-MOS to de- 
bug SMC6200 code. For prototyp- 
ing, a one-time-programmable ver- 
sion of the SMC6200 family will be 
available by the end of August. 

—Ray Weiss 

S-MOS Systems Inc, 2460 N First 
St, San Jose, CA 95131. Phone 
(408) 922-0200. FAX (408) 922- 
0238. Circle No. 737 


8052 wC combines 
3V power and 
16-MHz clock 


\ \ / ith Matra MHS’s 3V 8052 
derivative, you don’t have 
to trade higher clock rates for low 


power. This microcontroller (wC), a 
static design, handles power rails 


S-MOS 4-bit SMC-6200 uC serie 








| 


TRY AS THEY MAY, SOME PROBES JUST GAN'T GET A HANDLE ON TODAY'S SHRINy ye DEVIGE GEOMETRY. 







Often, the biggest job a probe can do is a little one. That's why it makes perfect 
” sense to hook up with Tektronix. After all, Tek has always been committed to staying on 
top of the latest in probe technology. Especially when it comes to small-geometry 


device probing, where today we make everything 





from small-pitch clips and adaptors, to microwave probes that work at the IC pad level. In short, 


probes that'll keep you from making a mess of even the smallest job. TALK TO TEK/1-800-426-2200 ENT. 74 


Tektronix 


60W-187873 Copyright © 1992, Tektronix, Inc Ses and Measurement 


CIRCLE NO. 94 EDN May 21, 1992 = 119 





EDN 
REPRINTS 


A Designer’s Guide to 


Linear 
Circuits 


Volume | 


This original, 186-page collection by 
Jim Williams offers a wealth of 
analog design information. It 
includes practical and efficient ways 
to use op amps, comparators, data 
converters, and other analog ICs. 


A Designer’s Guide to 


Linear 
Circuits 


Volume Il 
Jim Williams’ analog design articles - 
from 1983 to 1986 - in Volume II. 
Volume || covers more complex 
circuits and systems in 66 pages. 


Surtace- 
Mount 
Technology 
Design 
Project 


This 48-page, four-color reprint 
follows the progress of EDN editor 
Steve Leibson as he designs a 2M- 
byte memory board using surface- 
mount technology. He includes 
typical problems you might encounter 
and objectively reports about both 
good and bad design decisions made 
along the way. 


CALL NOW! 


Cahners Reprint Services 
708/390-2777 
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to 3V while running at clock rates 

to 16 MHz (12 external clocks make 
a typical instruction cycle for an 
8051). In addition, the static core 
allows engineers to lower power 
consumption further by simply drop- 
ping the clock rate—down even to de. 





The 8051 is the “Model T” of the 
8-bit wC world: It can be applied 
in a range of applications. The large 
base of 8051 development tools and 
boards has made it extremely popu- 
lar with designers. The 8051’s archi- 


tecture supports dual address 
spaces and bit-level data manipu- 


lation. The 8051 is supported by 


Intel, the initial developer, as well 
as licensees such as Siemens, Oki, 
Signetics, and Matra MHS. 

Power dissipation for Matra’s 
8052-based 80C32L/80C154L is lin- 
ear. At 2.7V, Icc is 5 mA, 7.5 mA 
at 10 MHz, and 10.5 mA at 15 MHz. 
In contrast, a standard 80C32 and 
80C154L have an Ic¢c of 27 and 32 
mA, respectively, at 5V running at 
16 MHz. 

The low-power chips are specified 
for 2.7 to6V, +10%. Previous non- 
static Matra chips handled the low- 
power 2.7 to 6V range but were lim- 
ited to a 6-MHz clock rate. 

The 80C52u.-L is a low-power 
80C52 with 256 bytes of RAM and 
8 kbytes of ROM. Although the 
838C154y-L is a low-power 83C154, 
an even later family member, with 
16 kbytes of ROM. ROMless low- 
power versions—the 80C32y-L and 
80C154y.-L—are also available. 
| —Ray Weiss 

Matra MHS, 2201 Laurelwood 
Rd, Santa Clara, CA 95056. Phone 
(408) 748-9362. FAX (408) 748- 
0439. Circle No. 738 





Static 80€52/83C154 «Cs run from 0 to 16 MHz at a low power range of 2.7 to 6V. 


Oh no. Please, not now. Not with manufacturing release next week. 


THE PROTOTYPE DOESN'T WORK. 


Si ASICS, fifteen PLDs and the whole thing's gone south. Maybe | should go south too. Yeah, hop a bus. Head for Mexico. 


THE PROTOTYPE DOESN'T WORK. 


Software? Could be. Hardware? Might be. So where do | start? At the beginning, of course. And just where is that, smart guy? 


THE PROTOTYPE DOESN'T WORK. 


And my performance review comes up next month. Maybe they'll just forget about all this, right? Yeah. Sure. 


THE PROTOTYPE DOESN'T WORK. 


Wait. What about that glitch in the handshake on the first pass? Couldn't reproduce it. Maybe it just reproduced itself 


gil, 




















These are just a few of the reasons Tek makes a complete line of scopes, logic analyzers and signal 
sources. Instrumentation that can quickly get to the core of your prototype’s problems. Whether they're digital, analog 
or software. Because even when your prototype doesn't work, Tek does. TALK 10 TEK/1-800-426-2200 


Tektronix 
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Here’s your opportunity to get in on the 
ground floor of EDA and find out what the 


design engineers’ and their managers: 
current and future views are on tool use. 
Join John Whitmarsh, Editor of EDN News 
Edition, as he kicks-off this “must attend” 
industry event, EDN’s EDA/CASE Industry 
Forum. He will present the results of EDN’s 
3rd annual survey of EDA/CASE tool use. 
a a 
use is today; what kinds of designs the 4 AS t 
tools are used for; which vendors are the 


winners and which are the losers; and . @ ‘ 
which tools and vendors electronics design Redefining the D esign Equation 


engineers and their managers will adopt in 9 
the near-term future? for the 9 0s 





¢ What You'll Learn 


Find out the habits and buying intentions 
of some of the most prolific EDA and CASE 
users in the industry — EDN’s readers. 
Hear how extensive EDA and CASE tool 





EDN NEWS EDITION’S EDA/CASE INDUSTRY FORUM 





¢ Who Should Attend? 


Design engineers, engineering managers, 
EDA vendors and CASE suppliers will 
benefit from this industry update. The 
survey clearly defines the key trends in 


Hear Three Industry Leaders React — 










system-level design automation. Joe Costello 
President/CEO 
When: of Cadence Design Systems 
June 9, 1992 
6:30-8:00 p.m. Wes Patterson 
President/CEO 
Where: of Xilinx : 
Anaheim Marriott oF _ 
Salon 3 & 4 Lou Mazzucchelli 
700 W. Convention Way Co-founder/VP/Chief Technical Officer 
Anaheim, CA 92802 of Cadre Technologies 


714/740-2422 





These three industry leaders will give their own views on 
how changing user patterns will affect future product 
development and introduction strategies. 


Presented By: 


REE W'S. BE DETHLO UN 


Attendance is free. For more information: Call Pam Winch at 617/558-4660. 
Limited seating. 
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No ONE OFFERS More 1 MEG SRAMS. PERIOD. 


ore variety. More speeds. More packages. 


SRAMs built to run at extended operating temperatures, yet 


take only 12 x" 


| x The Sony 1 Megabit SRAM Family 
cache and quick os Package Standby - Special 
ns}  Gurrent(uA) ~——s“Features — 
€XK581000P 100/120 —_—_—DIP. 600 mil 25° - 485°C. 
100/120 SOP 525mil «12/50 —-25°- 485°C 
_. AQ’ - 485°C 
(XK581 001M _ 
CXK581100YM -*100/120 «= ss TSOP rev.) ~=—=—‘12/50 
(XK581001P —DIP6OO mil §=—==—-12/50. 
(XK581001M - 12/50 
CxK5810205P 35/45/55 —_—CODIP. 400 mil 
(XK581020) 35/45/55 $0) 400 mil 
(XK581021) 47 ——-§0) 400 mil. 
(XK581120) 15/17/20 —- $0400 mil - 
(XK77910) 20 ——- $0} 400 mil - Sync, 128K x 9 
Note: All packages 5V, 32 pin, 128K x 8, unless otherwise noted. 
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You can verify a c 











tling time to high levels of accuracy is best 
done from a breadboard. (Photo courtesy 


simulation, but measuring distortion and set- 
Intusoft) 
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Analog Technology 


HANDS-ON PROJECT 


DOS-based 
analog-simulation 
‘software 


“A good circuit designer’s output 
can be increased a hundred fold 
with a simulator; the inexperi- 
enced designer can get into trouble 
a thousand times faster.” 

—Fred Ebert, Tatum Labs 


“Our success was due as much to 
the diligence of the engineers who 
ran the simulations as it was to the 
power and flexibility of our simulator.” 
—Andrew Thompson, 

Spectrum Software 


“If we knew before what we know 
now, we would have breadboarded 
these circuits.” —Anonymous 


The results of eight vendors simulating the same 
circuits make it clear that behind every good 
simulation is a very good engineer. 


Anne Watson Swager, Technical Editor 


nalog simulation holds tremendous promise 
as a useful design and verification tool, but 
. it still raises doubts among the most demand- 
ing skeptics, analog-circuit designers. To take a serious 
look at analog simulation—its capabilities, limitations, 
and pitfalls—EDN invited vendors of DOS-based ana- 
log-simulation software, including—but not exclu- 
sively—makers of Spice, to simulate four circuits 
whose performance is well documented and character- 
ized from actual hardware measurements. (The study 
does not include Unix-based simulators that run on 
workstations.) We asked these vendors to prove that 
the circuits functioned as designed and then asked 
them to answer some tough questions about each cir- 
cuit’s performance. 3 
The results of the simulations detailed in the follow- 


The software listings in this article are available on EDN’s computer 
bulletin-board system (BBS). Phone (617) 558-4241 with modem 
settings 300/1200/2400/9600 8,N,1. Access /freeware SIG and 
> ‘specify (r)ead option followed by (k)eyword search for ‘‘SR #468’. 





ing pages offer some promising surprises but also sound 
many alarms. Models continue to be the biggest stum- 
bling block to successful simulations. Pre-existing mod- 
els—those designed by semiconductor manufacturers 
or by the software vendors—don’t necessarily closely 
match their physical counterparts. The models may 
exclude certain effects critical to a particular design. 
Even if you have all the necessary models at your 
disposal and recognize their shortcomings, getting spe- 
cific circuit-performance answers from a simulator can 
require ingenuity and skillful use of software features. 
Also, simulation may not be the best tool for answering 
certain questions such as settling time (see box, “Ask 
reasonable questions to get reasonable answers”). 

In general, the results indicate that any designer 
running a simulation has to make hard decisions about 
the simulation’s goals. Designers must trade off the 
time available to spend on a simulation with the accu- 
racy necessary for the results to provide useful infor- 
mation (see box, “Editor’s analysis”). The experiences 
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of the vendors who participated in 
this exercise prove that despite us- 
ing the best simulator on the mar- 
ket with the most comprehensive 
simulation abilities, the smoothest 
user interface, and the most com- 
prehensive library of components, 
behind every successful simulation 
is a thoughtful and thorough engi- 
neer. 


Vendors answered the challenge 


The circuits we asked the ven- 
dors to simulate have been well de- 
signed and characterized by two 
accomplished designers. Jim Wil- 
liams, staff scientist at Linear Tech- 
nology Corp (Milpitas, CA), pro- 
vided three circuits of his own de- 
sign: a linearized platinum ther- 
mometer (Fig 1), a Wien-bridge os- 
cillator (Fig 2), and a micropower 
V/F converter (Fig 3). Williams 


also suggested a fourth circuit (Fig 4) 
designed by Bob Pease, a staff sci- 
entist at National Semiconductor 
(Santa Clara, CA). Pease’s circuit 
is embodied in the 4701 V/F con- 
verter module originally manufac- 
tured by Teledyne Philbrick and 
now made by Teledyne Components 
(Mountain View, CA). 

We chose these four circuits for 
the following reasons. First, all 
these circuits exist in some form 
and have been proven as bread- 
boards and in production, particu- 
larly Bob Pease’s V/F converter, 
which is a standard product. The 
three circuits Jim Williams de- 
signed have been published, many 
of them in EDN (Refs 1 through 6). 
Extensive documentation and per- 
formance data is available for each. 
Second, these circuits span a range 
of difficulty, from a strictly de cir- 





cuit to ac circuits including os- 
cillators and voltage-to-frequency 
converters. 

Third, IC parasitics do not neces- 
sarily set the performance limits of 
these circuits. Instead, those limits 
are set by the interconnection and 
interaction of all components. If all 
the ICs were absolutely perfect, 
you wouldn’t necessarily see much 
difference in the circuits’ perform- 
ance. Even if the models for the 
ICs were perfect, you wouldn’t nec- 
essarily get the answers. Thus, 
simulating these circuits goes be- 
yond testing the models them- 
selves. It requires an understand- 
ing of the various second-order in- 
teractions between individual com- 
ponents. 

The final reason for choosing 
these four circuits was curiosity. 
We wanted to know how difficult 


Several of the circuit questions we asked these vendors 
were too much effort and bother for their engineers 
to answer using simulators. Specifically, measuring dis- 
tortion and settling time to high levels of accuracy are 
questionable simulation pursuits. Many vendors didn’t 
measure the distortion values or plot the waveforms 
we requested because they thought the exercise was 
futile. Fred Balistreri of Contec Microelectronics said, 
“It's not the circuits that were tough to simulate, but 
some of the questions asked of the simulator were tough 
to answer.”’ : : 

The vendors said that making distortion measure- 
ments using information from the simulation models was 
futile. Models have a tremendous bearing on the data 
a simulator produces. For example, macromodels are 
good for simulation because they're faster than a tran- 
sistor model would be. However, simplified macromod- 
els don’t include many real circuit effects. Anytime you 
use a macromodel that doesn’t include the real device's 
sources of distortion, you’ve thrown out one of the 
overall circuit’s distortion components. Only you as the 
designer will know if these components are the dominant 
sources of distortion or if they can be overlooked. 

Two vendors had essentially the same opinion of the 
distortion measurements. Intusoft’s Charles Hymowitz 
said, “‘Measuring the distortion in the Wien-bridge oscil- 
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lator was a challenge because it was difficult to know 


whether you were measuring the actual circuit distortion 
or the numerical inaccuracies of Spice.’’ Anthony Stone 
of Meta-Software concurred, ‘‘The simulated distortion 
will depend a great deal on how good the models are 
and the simulation’s time and frequency steps. The simu- | 


lator itself will also introduce some numerical errors.’’ 


Hymowitz added that measuring distortion realisti- 
cally also depends on the type of analysis. He said — 
part-per-million distortion resolutions are entirely possi- 
ble when using Spice’s ac analysis but are not possible 
when doing transient analysis. 

Simplified models and simulators’ numerical accuracy 
aren’t the only obstacles to obtaining high levels of — 
accuracy. Time and available system memory also are 
factors, especially when measuring settling time. For 
example, looking for settling-time accuracy of 0.01% 
in a circuit that spans O to 10 kHz requires resolving 
differences of 0.001 Hz. One team ran a simulation 
with 5-nsec time steps for nearly two days. The team 
concluded that because of the time required, predicting 
settling time was probably not a worthwhile exercise. 
Most of the vendors ultimately suggested that some of 
these answers are easier to obtain from a breadboard 
or a quickly designed test rig. 
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answering detailed questions about 
these circuits would be for engi- 
neers using the various simulators. 
In some cases, we knew the an- 
swers to the questions. In other 
cases, we didn’t know the answers 
but were interested in what a simu- 
lator’s prediction would be. Jim 
Williams knew how much he 
sweated over each circuit on the 
bench and wondered how the simu- 
lation vendors would fare given the 
same task. 

In a sense, this exercise is an ex- 
ample of reverse engineering: Take 
a known working circuit and see 
how closely a simulation can match 
its behavior. This exercise shows 
the steps you have to go through 
to produce accurate results. 


More than Spice 


Calling this report a Spice story 
would be misleading. Although six 
of the eight vendors—Contec Mi- 
croelectronics, Intusoft, Microsim, 
Meta-Software, Spectrum Soft- 
ware, and Viewlogic—have Spice- 
based programs, Dolphin Integra- 
tion’s Smash and Tatum Labs’ 
ECA-2 are proprietary products 
not derived from Berkeley Spice. 
However, Smash is Spice-compat- 
ible for netlists and sources. 
Viewlogic Systems has an OEM 
agreement with Meta-Software and 
Microsim to include the HSpice and 
PSpice analog-simulation programs 
in its Viewsim mixed-mode simula- 
tor. For this project, Viewlogic 
used HSpice for the analog parts 
of the simulation. Table 1 describes 
the simulators and their features, 
including cost. 

Tables 2 through 5 contain the 
vendors’ answers to the questions 
that we asked about each circuit. 
Not all vendors simulated all of the 
circuits. Some vendors concen- 
trated their efforts on only one cir- 
cuit: Dolphin Integration simulated 
the linearized-platinum-thermome- 
ter circuit (Fig 1) only; Microsim 
simulated each circuit but only an- 


a 


LT1009 


Q uestions: 


1. What is the soos nonlinearity (full scale), in 
degrees C, for the optimum setting of the trims? 
Show an error plot of nonlinearity. Also plot 


nonlinearity with the 250-kQ resistor removed. 250k" : << 


2. Assuming ideal resistors and no transfer 
inaccuracy in the switched-capacitor section, 
_ what are the trim values? 


= & SV 


3. What is the full- scale circuit 
drift i in pony C? 


‘OUTPUT 
0TO 400°C 


NOTES: 
= 1% FILM RESISTOR. | 
_ Rp = ROSEMOUNT 118MFRTD. 


»  TRIMSEQUENCE:SETSENSORTOO°C 


VALUE. ADJUST ZERO FOR OV OUT. SET © 
~ SENSOR TO 100°C VALUE. ADJUST GAIN | 


FOR 1.000V OUT. SET SENSOR TO 400°C | 


VALUE. ADJUST LINEARITY FOR 4.000V OUT. 
REPEAT AS REQUIRED. _ 





Fig 1—A current source drives one leg of this linearized OR RTD bridge, which lets 
the voltage across the RTD sensor vary directly with the sensor’s temperature-induced 
resistance shift. The difference between the sensor’s potential and that of the opposing 


bridge leg is the bridge’s output. 


swered our questions about the mi- 
eropower V/F converter (Fig 3). 
Contec Microelectronics simulated 
all the circuits except the micro- 
power V/F converter. Meta-Soft- 
ware and Viewlogic split their ef- 
forts: Meta-Software’s engineers 
simulated one circuit, Viewlogic’s 
engineers the other three. (Note: 
All of the simulation files these ven- 
dors used are available for down- 
loading on the EDN BBS.) 

In many cases, the answers listed 
in the tables are within factors of 
2 or 3 of the real circuits, which 
we considered an acceptable level 
of accuracy for this exercise. In 
other cases, the numbers are off by 
orders of magnitude. The results 
were given in a variety of units, 
which we converted to one common 
unit for easy comparison. 

There are no clear-cut reasons 
why some answers came close to 
the real hardware, whereas others 


are off by orders of magnitude. You 
can’t blame the variations on the 
simulators, nor can you place the 
blame exclusively on models. Mak- 
ing the correct assumptions about 
the circuit is critical. For the most 
part, vendors accurately predicted 
the general functions of a circuit, 
such as frequency range and ampli- 
tude. However, distortion and set- 
tling-time answers varied widely. 
In addition to models and as- 
sumptions, time is also a huge fac- 
tor. The task of performing accu- 
rate simulation should not be taken 
lightly. The vendors spent any- 
where from 20 hours on a single cir- 
cuit to three weeks for all the cir- 
cuits. Some of this time included 
waiting for long simulation runs. 


Numbers don’t tell half the story 


Judging the simulation results on 
a numerical basis alone is a mean- 
ingless oversimplification. As An- 
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Questions: 
1. What frequency range does this 
circuit produce? 


2. What is the output amplitude? 
3. What is the distortion vs frequency? _ 


4 4. Show a waveform of the distortion 
a ate kee | 
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AGC = AUTOMATIC GAIN CONTROL. 
VACTEC, ST LOUIS, MO, (314) 423-4900; 
CLAIREX, MT VERNON, NY, (914) 664-6602. 





500 : 4.7k 


DISTORTION O 15V 











5V 








L¥1029 
MOUNT 
1N4148s ee 
CLOSE +t 
TOGETHER OUTPUT | 42 


10k" 








DISTORTION 
(0.0015%) 


























AGC-AMPLIFIER 
OUTPUT 


AGC LOOP 


@ 
_ =tVACTEC VILSCIDOR AGC-AMPLIFIER : | 


(a) ~  CLAIREX CLM410 OUTPUT a 


15V 
S 
Reoost = 49.9 


C; 
0.1-uF FILM 


OSCILLATOR 
O15v 


FREQUENCY SET 





200° 2k 


15V COMMON-MODE 
Y SUPPRESSION 


O OUTPUT 






Questions: 

1. What is the distortion 
vsfrequency? ss 

2.Showawaveformofthe  _ 
distortion at2kHz. 





500 


DISTORTION 
TRIM 


2.4k 


_ NOTES: _ 
AGC = AUTOMATIC GAIN CONTROL 





MOUNT 

1N4148s 

CLOSE 

TOGETHER OUTPUT 


DISTORTION 

(0.0003%) 
AGC LOOP = AGC-AMPLIFIER 
| OUTPUT 


AGC-AMPLIFIER 
OUTPUT 








Fig 2—The Wien-bridge oscillator in (a) didn’t achieve the designer’s desired low distortion level (b). The circuit in (c) includes an 
additional amplifier, the LT1022. This amplifier eliminates the common-mode swing at the main Wien-bridge oscillator amplifier, the 
LT1115, thereby reducing the distortion from 0.0015% to 0.0003% (d). 
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drew Thompson of Spectrum Soft- 
ware reported, “It was quite easy 
to create each of the four circuits 
and produce a working simulation. 
It was much harder to refine the 
circuit, models, and testing meth- 
ods to reflect the presumed circuit 
performance. Our success was due 
as much to the diligence of the engi- 
neers who ran the simulation as it 
was to the power and flexibility of 
our simulator.” 

The real story is how the vendors 
acquired their answers, what as- 
sumptions they made, and what 
models produced superior results. 
How close or far the simulations 
were from reality has everything to 
do with the methods and models 
each vendor applied to the simula- 
tion. 

The simulation exercise illus- 
trates that there are three distinct 
phases of simulation: thinking about 
the circuit and making some simpli- 
fying assumptions, choosing or cre- 
ating the necessary models, and ac- 
tually running the simulation and 
devising ways for the simulator to 
indicate a circuit’s various perform- 
ance characteristics. For this exer- 
cise, those characteristics include 
general functionality, linearity, 
drift, distortion, and settling time. 
Each of these simulation phases 
takes a disproportionate amount of 
time, as you'll see in the following 
examples. | 

The vendors’ results demonstrate 
the importance of carefully analyz- 
ing a circuit before jumping into the 
simulation. You may be able to sim- 
plify various components to shorten 
simulation time, and you’ll save 
yourself from countless hours of 
work that in the end don’t add up 
to much. Intusoft’s Charles Hy- 
mowitz said that one of the biggest 
hurdles in this exercise was making 
assumptions for both the modeling 
and analysis. Hymowitz adds that 
these assumptions pervaded every 
simulation, and although making 
them was not difficult, it was time 


consuming because the company 
verified each assumption with simu- 
lation. 

For each circuit, certain clues ex- 
ist that make simplifying the simu- 
lation easier. Miss those clues and 
you can spend time and effort on 
models or simulation parameters 
that have little bearing on the cir- 
cuit’s performance. Worse, you can 
end up on a path to nowhere—as 
some of these vendors did—and 
wind up with no realistic answers. 
Catch the clues and you'll arrive at 
a reasonably accurate simulation re- 


sult without too much pain or angst. 

For example, two primary clues 
exist for the linearized-platinum- 
thermometer circuit in Fig 1: 
The circuit primarily operates at 
dc, and the switched-capacitor net- 
work contributes negligible error. 
The charge-injection specifications 
given on the data sheet of the 
LT1043 switched-capacitor building 
block combined with the large, 
1-~F capacitors used eliminates 
switched-capacitor-section errors 
from consideration. Thus, you can 
model the switched-capacitor block 


Table 1—Participating vendors and 
corresponding simulators 


Simulator 
ContecSpice | S 


Dolpin Smash 
integration 


| IsSpice with | 





Meta-Software 


| Design — 
| Center — 


Spectrum Micro-Cap 
Software IV 





Viewsim 
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Workview 


 Viewlogic 
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mixed-signal simulator 
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fairly simply. The second Wien- 
bridge oscillator circuit (Fig 2c) has 
only one difference from Fig 2a. 
That difference—an additional am- 
plifier—is a clue to why the first 
circuit has higher-than-desired dis- 
tortion. The additional amplifier 
eliminates the common-mode swing 
of the main Wien-bridge oscillator 
amplifier. 

The reference section of the mi- 
cropower V/F converter (Fig 3) 
provides some clues about that cir- 
cuit’s operation. The first question 
you should ask is why the designer 
put nominally high-drift transistors 
(Q., Qs, and Q,) in series with preci- 
sion references (two LT1004s) and 
a high-drift current source (the 
LM334). The answer is that some 
other component or group of compo- 
nents in the circuit drifts the other 
way, namely Q;, Q,, and the 0.001-yF 
polystyrene capacitor. Again, these 
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clues are a form of reverse engi- 
neering, but they highlight the 
need to think about the circuit, look 
for circuit clues, and apply those 
clues to your models and simulation 
runs. 

In addition to looking for simpli- 
fying circuit clues, you should think 
about the types of data you’re after 
from the outset. Keeping your in- 
tended analysis type in mind and 
creating, modifying, and simplify- 
ing models accordingly will save 
you time in the long run. For exam- 
ple, simplifying a switched-capaci- 
tor block as a unity-gain amplifier, 
as some of the vendors did, pro- 
vides information through a basic 
de analysis instead of the cumber- 
some transient analysis. 

Once you’ve made some prelimi- 
nary assumptions about circuit op- 
eration, you can apply those as- 
sumptions to the models you choose 


LT1004-1.2 
LT1004-2.5 


3.9M TYP. 
100-Hz TRIM 





Fig 3—Consuming between 80 and 145 pA, this micropower V/F converter produces a 


0- to 10-kHz output from a 0 to 5V input. 
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or create. Choosing or creating 
models is the most important aspect 
of producing accurate and meaning- 
ful simulation results. In fact, mod- 
eling alone can eat up most of the 
time you’ve allocated for simula- 
tion. 

Many of the vendors’ libraries al- 
ready contained some of the speci- 
fied components. In a few rare 
eases, all models for a circuit al- 
ready existed. For example, all the 
necessary models for Bob Pease’s 
V/F converter were in Contec Mi- 
croelectronic’s library. However, 
having 100% of the models at your 
disposal is the exception rather 
than the rule. Some models not al- 
ready in a simulator vendor’s li- 
brary were available from Linear 
Technology Corp. Still others had 
to be created from data sheets. 

The vendors’ approaches to mod- 
eling the same components were 
strikingly varied. Their approaches 
teach three important modeling les- 
sons: thoroughly evaluate the cir- 
cuit and each component’s function 
before jumping in and wasting time 
on modeling some noncritical com- 
ponent; beware the dangers of mis- 
applying existing models; and un- 
derstand a model’s limitations. 

Modeling the switched-capacitor 
blocks in the linearized-platinum- 
thermometer circuit initially threw 
some vendors off balance and illus- 
trates how some initial analysis can 
save you modeling time. Spectrum 
Software’s engineers initially tried 
to model the switched-capacitor 
blocks by emulating their exact 
function. They first tried using two 
sets of clock-dependent resistors 
that switched each 1-yF capacitor 
from one side of the block to the 
other. They discovered that using 
this approach, the output voltage 
had a long transient associated with 
it. Simulations of the model were 
long, and the initial results were not 
as expected. Something had to be 
reworked. 

The engineers then sat back and 
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thought about the function of these 
blocks. Their assessment was that 
both of the switched-capacitor 
blocks transfer a differential volt- 
age to a single-ended output with 
unity gain. By replacing each block 
with a unity-gain voltage-depend- 
ent voltage source, the Spectrum 
Software engineers achieved pre- 
dictable circuit behavior and sim- 
plified the circuit to a de problem. 

Both the Dolphin Integration and 
Tatum Labs engineering teams, 
however, studied the circuit and 
recognized a clue at the outset. Dol- 
phin engineers recognized that all 
our questions concerned static char- 
acteristics of the thermometer. 
They assumed no transfer inaccu- 
racy in the switched-capacitor sec- 
tion and replaced the LTC1048 with 
simple Spice primitives for de analy- 
sis. Tatum Labs engineers, looking 
at the problem in a slightly different 
way, recognized that the switched 
capacitor would draw a negligible 
amount of current and that this 
component could be virtually ig- 
nored. Thus, they modeled the 
LTC1043 as a unity-gain amplifier. 
This model let them use a de analy- 
sis instead of the cumbersome tran- 
sient run that they would have had 
to do had they fully modeled the 
switching capacitors. 


Models aren’t infallible 


The second lesson has to do with 
misapplying existing models. Be- 
cause every component needs a 
model, your first goal is just to fill 
in the blanks. Many IC models, but 
not all, are available from semicon- 
ductor vendors. Some IC models 
are also available for downloading 
from the EDN BB%S’s Spice Special 
Interest Group. Even when avail- 
able, models don’t necessarily in- 
clude all the effects that are impor- 
tant to your particular circuit. 
Worse, in the drive to have a model 
for a device, you can easily pick the 
wrong one. The ensuing simulation 
certainly won’t scream out at you 


“Table 2—Linearized-platinum-thermometer results : = 


Output | 


Simulator 


that you’ve erred, and the results 
may even look plausible. But you’ve 
added a source of uncertainty to 
your simulation, which makes it less 
reliable and certainly less accurate. 

In many cases, vendors used 
models that wouldn’t be true per- 
formance indicators for a circuit just 
to be able to demonstrate a circuit’s 
general functions in a reasonable 
amount of time. For example, the 
Contec Microelectronics team re- 
placed the model of the LT1006 pre- 
cision, single-supply op amp in the 
Wien-bridge oscillator with a model 
of an LF411 JFET-input op amp. 
The team made the switch be- 
cause the LT1006-based simulation 
showed some strange behavior at 
the op amp’s inputs, and the LF411 
appeared to work correctly. The 
frequency-range and output-ampli- 
tude numbers looked plausible after 
the replacement. 

However, the one catch is that 
the LF411 would never work in the 
real circuit. In the real circuit, the 


‘Oonice 
a eee 





LT1006 is running from one supply 


rail, and its noninverting input is 


grounded. Thus, the inverting input 
also functions at ground. For any 
op amp to work at ground, its input 
common-mode range must include 
ground or, put another way, must 
be able to swing close to the minus 
rail. The common-mode range of the 
LF411 doesn’t go anywhere near 
the minus rail but is 3.5V above it. 
So, in the real world, the LF411 
wouldn’t behave like an op amp in 
this circuit. This case is an example 
of changing models for the simula- 
tion’s sake instead of understanding 
why the model of the actual circuit 
component doesn’t work with the 
simulator. 

Other cases of mistaken modeling 
involved the LT1017 micropower 
comparator in Fig 3. Because a 
model for this component isn’t avail- 
able from Linear Technology, ven- 
dors used other models having 
vastly different performance char- 
acteristics. For the most part, these 
1992 = 


EDN May 21, 131 





DOS-BASED ANALOG-SIMULATION SOFTWARE 


vendors ran out of time and wanted 
to at least demonstrate the circuit’s 
primary function. For example, 
Viewlogic engineers used an LM339 
comparator with a 1-kQ pull-up re- 
sistor to model the LT1017. They 
knew this replacement would cause 
the power in the circuit to go way 
up. However, they thought the re- 
placement was useful to demon- 
strate the circuit’s performance and 
show how to obtain the power plots. 

Intusoft also replaced the LT1017 
with a much higher power com- 
parator, the LM393 from Texas 
Instruments’ comparator library. 
Company engineers attempted to 
bring the model in line with the 
1017’s specifications. Their effort 
produced higher power results than 
those of the real circuit but is a good 
example of modifying an existing 
model to approximate a nonexisting 
one. To make the modified model, 
the engineers added a pull-up resis- 
tor with a separate power supply 
and adjusted the 393’s reverse tran- 
sit time, forward transit time, and 
junction capacitance. 


The final modeling lesson is the — 


importance of recognizing a model’s 
limitations. Said Anthony Stone of 
Meta-Software, “Blindly accepting 
models is not good—an educated ac- 
ceptance is the best option because 
totally regenerating each compo- 
nent for every design takes too 
much time.” No model behaves ex- 
actly as its physical counterpart. 
Unfortunately, knowing which ef- 
fects are included in the model and 
which aren’t isn’t easy to deter- 
mine. An op-amp model in Bob 
Pease’s V/F converter is an exam- 
ple of this point. When Pease de- 
signed his V/F converter he put a 
diode across the LM301A’s compen- 
sation pins (Fig 4). The diode pre- 
vents the LM301A, which operates 
as a comparator in the circuit, from 
drawing excessive current. 
Regardless of the model’s source, 
the output stage of most op-amp 
macromodels doesn’t resemble the 
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real device’s output stage at all. 
Thus, using a diode across the com- 
pensation pins, which limits current 
by preventing the output stage 
from saturating, won’t have nearly 
the same effect on the model as it 
does in the actual circuit. All the 





ranges. More than making the nu- 
merical results suspect, this exam- 
ple shows that models are far from 
exact representations of real parts. 

The previous examples illustrate 
the pitfalls inherent in choosing and 
using existing models. But the ven- 


Table 3—Wien-bridge-oscillator results - 


Frequency 


range 
H 





Contec ContecSpice 
Microelectronics 


Distortion | 


Output amplitude — at 2 kHz 





Meta-Software 
Inc 


Note: NA = Not answered. 


vendors found this statement to be 
true. The Intusoft team noted that 
the macromodel didn’t have the cor- 
rect connections or characteristics 
to handle the benefits that the diode 
would provide. The team used a ge- 
neric bipolar model instead of the 
LM301A model. Contec and 
Viewlogic engineers took a differ- 
ent tack by installing capacitors of 
2 and 5 pF, respectively, across the 
compensation pins instead of using 
the diode. Spectrum Software engi- 
neers left the compensation pins 
open. 

According to Pease, leaving the 
pins open or using small capacitors 
shouldn’t make much difference in 
the circuit’s operation. Large ca- 
pacitors, however, would slow 
down the amplifier. Contec engi- 
neers found the frequency span of 
the V/F converter to be 0 to 8559 
Hz; Viewlogic’s team found the 
span to be 104 Hz to 10 kHz. But 
Pease suspects that the different ca- 
pacitor values probably had little to 
do with the different frequency 





dors also had to create many models 
from scratch. To aid in creating new 
models, vendors used special fea- 
tures of their simulator software or 
used software tools that create 
models from data-sheet values. 

The software feature these ven- 
dors used most extensively was be- 
havioral modeling. The Dolphin 
Integration team used five behav- 
ioral models in one circuit. Behavior 
modeling is the attempt to imitate 
the general function of a device 
without modeling that device’s ex- 
act structural details (Ref 7). Op- 
amp macromodels are a type of be- 
havioral model because they don’t 
replicate every transistor in the ac- 
tual device. 

However, the term “behavioral 
models“ usually refers to models 
that are more abstract than macro- 
models. Examples of this type of 
behavioral model include using one 
or more of the following to model 
a component: voltage-controlled 
sources, polynomial sources, trans- 
fer-function and Laplace state- 


ments, and look-up tables. Using a 
look-up table involves entering a se- 
ries of values into a table. During 
the simulation, the program com- 
pares an expression that you define 
for this set of values and interpo- 
lates between entries. 

In this exercise, the vendors 
made use of voltage-controlled 
sources, Laplace statements, and 
look-up tables. For example, the 
Contec Microelectronics engineers 
modeled the LT1115 op amp and 
LT1010 buffer in the Wien-bridge 
oscillators as voltage-controlled 
voltage sources and used Laplace 
transfer-function statements to 
model the poles. Although the Mi- 
crosim team didn’t completely an- 
swer the questions we asked, it 
proved the overall function of the 
Wien-bridge oscillator by using a 
behavioral model for the LED- 
driven photocell. The team created 
a table look-up device that modeled 
the resistance on the output termi- 
nals of the photocell based on cur- 
rent flowing into the input termi- 
nals. 


Software helps create models 

In some cases, vendors used soft- 
ware tools to create the necessary 
models. Intusoft engineers made 


extensive use of its SpiceMod pro- . 


gram ($150 to $200), which helps 
generate models from data sheets. 
The company created models of the 
LT1009 and LT1029 zener-diode- 
based references by entering values 
for the zener voltage, zener test 
current, and power dissipation into 
SpiceMod. The program estimated 
the rest of the data-sheet parame- 
ters and produced a model compat- 
ible with the company’s simulator. 
Meta-Software engineers used 
HSpice’s op-amp generator along 
with manufacturers’ data sheets to 
create models, such as the LT1115, 
that weren’t available in their com- 
ponent library. The Microsim team 
used the company’s Parts program 
and data-sheet values to model the 
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LT1017 micropower comparator. 
Correct delays and a weak current- 
source pull-up resistor at the output 
proved critical to the micropower 
V/F converter’s performance (Fig 3). 

Vendors ultimately created many 
models from scratch, and three 
devices that illustrate the variation 
in modeling approaches are the 
RTD (resistive-temperature-detec- 
tor) sensor (Rosemount part num- 
ber 118MFRTD) in the linearized- 
platmum-thermometer circuit (Fig 1), 


the LED-driven photocell (Vactec 


and Clairex part numbers 
VTL5C10 and CLM410, respec- 
tively) in the Wien-bridge oscillator 
(Fig 2), and the 74C04 inverter in 
the micropower V/F converter 
(Fig 3). 

Creating the RTD-sensor model 
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turned out to be a simple task. Most 
of the vendors created models di- 
rectly using the device’s tempera- 
ture-vs-voltage profile obtained 
from the manufacturer. Dolphin In- 
tegration engineers modeled the 
RTD as a voltage-dependent resis- 
tor. Intusoft engineers entered the 
RTD’s temperature-vs-resistance 
data into a Spice text file. Using 
this data, they generated a 9th- 
order polynomial response, the co- 
efficients of which they used to con- 
struct a polynomial resistance that 
would vary with a voltage propor- 
tional to the temperature. Thus, the 
simulator could sweep the tempera- 
ture of the sensor by sweeping the 
voltage controlling the sensor’s re- 
sistance value. 

Creating the LED-driven-photo- 
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Fig 4—This V/F converter designed by Bob Pease meperen a ‘10- Hz t to , 1O-kHz sitet 
pulse train from a 10-mV to 10V signal. The converter features a typical nonlinearity of 
+ 0.008% of full scale. This design is embodied in the 4701, now manufactured by 


Teledyne Components (Mountain View, CA). 
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cell model was a little trickier. The 
Contec engineers modeled the 
photocell as a piece-wise constant 
resistor. The engineers didn’t think 
this model was very accurate, but 
it did let them simulate the circuit 
in the time domain. Intusoft engi- 
neers created a model for the photo- 
cell starting with a diode. They 
added a current-controlled voltage 
source to convert the diode current 
into a voltage. They then filtered 
the voltage to get the correct tran- 
sient response for the low-resis- 
tance state of the resistor. Finally, 
this voltage controls an analog be- 
havioral model for a switch, thereby 


implementing a voltage-controlled 
resistor. Tatum Labs engineers 
modeled the photocell as a diode in 
series with a 1000 resistor, but 
they weren’t confident that this 
model realistically portrayed the 
photocell. 

The Spectrum Software team 
modeled the photocell using a table- 
function source. This source con- 
verts input current to output volt- 
age using an input-output table. A 
resistor whose value is defined to 
be equal to the table-source output 
voltage converts the output voltage 
to a resistance. A standard diode 
models the input nonlinearity. The 


team set this diode’s saturation- 
current parameter to 10° to model 
the voltage-drop characteristic of 
the LED input. The diode model’s 
3850, series resistance accounts for 
the incremental resistance of the 
LED input. The team gleaned the 
table of values for output resistance 
vs input current, the voltage drop, 
and the incremental input resis- 
tance from the CLM410 photocell’s 
data sheet. 

A simple inverter required a fair 
amount of modeling effort. The In- 
tusoft team created the 74C04 
model by first inputting data-sheet 
parameter estimates into its 


Table 4—Micropower-voltage-to-frequency-converter results _ 


Vendor Simulator 


Intusoft 


Viewsim with 
HSpice 


 Viewlogic 
Systems Inc 


Note: NA=Not answered. 


Maximum 
nonlinearity 


_Full-scale drift 
(ppm/°C) 


Doesn't increase 


linearly 


Power-vs-frequency 
curve shape 


Step-response 
settling time 


PSRR 
|_(ppm/V) 


0.14% 1420 Doesn't increase 
linearly 
i — : = ee: | 


Never settled to 
0.01%. Settled to final 
value within 4 cycles. 


“Output settled within 
one cycle 


Table 5—Bob Pease’s voltage-to-frequency-converter results 


Full-scale drift 
with temperature | PSRR Sten ceasenae settling time 


Output frequency 
(0 to 10V input) 


Vendor Simulator 


Contec 7 
Microelectronics 
USA Inc 


Nonlinearity 


ContecSpice “0 to 8559 Hz 0.95% 
(0 to 10V input) 


(ppm/°C) 


(ppm/V) (to 0.01%, 10V step) 


No more than 3 cycles 


Spectrum Software Micro-Cap IV oom to 9266 Hz |  00s4% = = 75 ] 1 4500 | : 
(2 to 10V input) : : 
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SpiceMod spreadsheet program. 
The program produced a first-cut 
model from the NMOS and PMOS 
devices in the inverter. The team 
then constructed a simple inverter 
configuration and tested the in- 
verter gate by running a de and 
transient analysis on the gate. The 
team tweaked the Spice parameters 
of the original MOSFETs to bring 
the inverter in line with the data- 
sheet specs for rise and fall time, 
propagation delay, power dissipa- 
tion, and input/output thresholds. 

Microsim engineers modeled the 
inverters as ideal switches with ap- 
propriate on-resistances and capaci- 
tive loading. An additional behav- 
ioral component modeled the 
switches’ short-circuit current. 
Spectrum Software engineers mod- 
eled the inverter using a 1-stage 
CMOS configuration. They decided 
that one stage was sufficient to iso- 
late the voltage-reference branch 
from the feedback capacitors. And 
the Viewlogic Systems team mod- 
eled the inverters with piece-wise- 
linear look-up tables and input/ 
output loads. 


At this point, a more monumental 
task than acquiring, creating, and 
using models might be difficult to 
imagine. However, once you’ve ac- 
quired, created, and modified all 
the models, you’ve got to face the 
third step in simulation: devising 
tests for and running the simula- 
tion. 

Obtaining specific answers from 
a simulation can require creativity. 
For example, different vendors 
used different approaches to deter- 
mine the Wien-bridge oscillator’s 
distortion. Contec Microelectronics 
engineers ran the simulation long 
enough to reach steady state. Then, 
they ran an FFT on a single steady- 
state cycle to find the harmonics. 

The Spectrum Software engi- 
neers took a completely different 
approach. They implemented a soft- 
ware-based distortion analyzer to 
simulate the distortion produced by 
the Wien-bridge circuits. They put 
the oscillator output through a 
notch filter tuned to the oscillator 
frequency. The notch filter re- 
moved the fundamental leaving 
only the residual distortion. The 


engineers implemented the filter as 
a macromodel using a passive 7 fil- 
ter; they passed the desired fre- 
quency to the notch macromodel as 
a parameter. The engineers’ only 
difficulty was that the notch filter 
had to be quite narrow, so they first 
had to measure the oscillator fre- 
quency to high precision. Then in 
the measurement run, they set up 
the circuit to pass the exact fre- 
quency of the oscillator to the notch 
filter. The engineers used the Spec- 
trum simulator’s rms-operator fea- 
ture to plot the running rms value 
of the distortion waveform. The fi- 
nal value of the rms plot gave them 
the final distortion value. 

Vendors also used different ap- 
proaches to find the trim values for 
the linearized-platinum-thermome- 
ter circuit. The Dolphin Integration 
team developed a set of behavioral 
modules that automatically looked 
for the best set of trim values. Dur- 
ing one de simulation, the simulator 
accomplished the trim procedure 
outlined by Jim Williams. 

Intusoft engineers used a pa- 
rameter-sweeping feature to nar- 
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row in on the correct trim values 
after following the outlined calibra- 
tion procedure described in Fig 1. 
They stepped the value of the gain 
resistor from 0 to 2 kQ in 1000 
steps and optimized the value for 


the linearity resistor at each step. 
The objective was to linearize 
the output-voltage-vs-temperature 
curve. The Intuscope program plot- 
ted the output voltage vs tempera- 
ture, performed a first-order poly- 


nomial regression on the curve, and 
minimized the rms error. The re- 
sults yielded the optimal linearity- 
resistor value at each step of the 
gain resistor, from which the engi- 
neers selected the best pair. 


Editor’s analysis 


The outcome of this series of simulations left me with 
both positive and negative impressions. At times, the 
simulations came extremely close to predicting the real 
circuits’ performance. At other times, the vendors’ ef- 
forts seemed incomplete and flawed, and the vendors 
appeared to select models hastily. However, the com- 
panies that participated in this exercise have competi- 
tive pressures and expended much effort to get as far 
as they did. 

The time pressures the companies’ engineers faced 
are no different from those of any designer who faces 
a deadline. Many ran out of time to do their simulations 
justice. And if the engineers seemed to select models 
hastily at times, they did so to prove the circuit. Given 
more time, they could have tweaked the models to 
provide the level of accuracy necessary to answer all 
Our questions. : 

The trials and tribulations the engineering teams en- 
dured are the same you'll face when you attempt to 
simulate a circuit. Even if you're using the best simulator 
on the market, one fact remains: Faulty methods will 
cause any simulator to produce faulty results. But using 
sound methods won't assure you perfection because 
some effects are just too difficult for today’s simulators 
to resolve. 

Failing to use good engineering judgment—espe- 
cially when a simulator tempts you to place faith in 
models and software—can lead to trouble fast. Fred 
Ebert of Tatum Labs made this point most succinctly, 
‘Simulators aid—they do not replace—solid design 
skills, good judgment, and experience.” 

Up front, you'll have to make decisions about your 
expectations and the time you're willing to spend simu- 
lating. A half-hearted effort may prove the concept of 
your circuit, but it won’t take you much further than 
that. If you’re striving for any sort of simulation accu- 
racy—a close correlation between simulation and real- 
ity—you'll have to pay close attention to many details. 

Simulation involves understanding the circuit and your 
goals for the simulation, making first-order approxima- 
tions and assumptions, matching or creating models 
compatible with those approximations and assumptions, 


and properly using or manipulating your simulator to — 
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give you the answers you want. This process isn’t al- 
ways linear and can require multiple iterations. 

Finally, you have to analyze the answers using com- 
mon sense and acknowledge that any of the simulated 
‘‘answers’’ can be off by a factor of 2. Differences 
between a simulation and a breadboard that span or- 
ders of magnitude are the errors you're trying to avoid, 
not factors of 2 or even 3. 

Throughout simulation, vendors may supply varying 
amounts of support. The vendors are software experts 
but not necessarily circuit-design experts. Nonetheless, 
technical support for both evaluation and any future 
questions you might have will be important to your simu- 
lation success. _ : 

The vendors’ results show how easy it is to get hung 
up on some part of the simulation that has little bearing 
on the actual circuit’s performance. Constantly evaluat- 
ing whether simulation is the right tool to provide the 
necessary answers will save wasted simulation time in 
the long run. Jim Williams furthered this point by saying, 
‘Good engineers should always question the tool, 
whether its an oscilloscope, connector, or simulator.” 

The continued value of some sort of breadboarding 
is also apparent from this exercise. Tatum Labs’ Ebert 
added, ‘‘Simulation allows many ‘what if’ tries, but 
breadboarding can truly prove the ‘how come’ of the 
overall circuit and provide important details of the indi- 
vidual components.’’ Charles Hymowitz of Intusoft said 
that his team could have obtained more accurate results 
if it had access to breadboards—a strategy his com- 
pany also recommends to its customers. 

In some cases, breadboarding a circuit to look for 
detailed performance aspects after you’ve simulated 


the circuit’s general operation makes sense. For exam- | 


ple, the vendors didn’t have much trouble verifying the 
general operation of each circuit, but they did have 
trouble answering questions, particularly determining 
settling times to 0.01%. If you're looking for this kind 
of accuracy and precision, simulation isn’t a timely and 
practical way to get those answers. The engineer who 
understands the circuit and surrounding system has to 
decide what risks lie in trusting the simulation alone. 
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Devising models and test proce- 
dures took most of the engineering 
teams’ time. The teams didn’t re- 
port much difficulty in the mechan- 
ics of running the simulations. Just 
a few cases of nonconvergence, or 
the potential for it, required atten- 
tion. For example, convergence 
was a problem for Spectrum Soft- 
ware’s simulation of the micro- 
power V/F converter. The circuit 
did converge when the company’s 
team added initial-conditions state- 
ments on three nodes: the input, the 
output, and the voltage-reference 
capacitor. 

In other cases, initial conditions 
had to be saved from one run to use 
in a second simulation. Also, in 
some cases, oscillators had to be 
kick-started. 


Don’t allow all defaults 


In all simulations, the vendors 
carefully constrained the time steps 
(the incremental movement in time 
during which the simulator at- 
tempts to solve the circuit) and 
often extended the values of various 
Spice ITL numeric-control options 
to allow the circuit more chances 
to converge. For example, ITL4 
sets the limits of the upper iteration 


HORIZONTAL=50 »SEC/DIV (b) 





of the time step. If the program 
doesn’t converge to a solution in 
ITL4 iterations, the program dis- 
cards the current time point, short- 
ens the time step, and attempts a 
new solution. By changing ITL4 
from its default value of 10 to 100, 
many vendors gave their simulation 
runs more time to converge. 

Choosing the maximum time step 
requires thinking about the test re- 
quirement of the circuit. Measuring 
certain characteristics to high levels 
of precision demands that the time 
step be within the same precision. 
We asked vendors to measure the 
10-kHz micropower V/F converter’s 
settling time to 0.01%. To make 
this measurement, the time-base 
resolution of the simulations had 
to be no larger than 0.01% of 
the output period to obtain mean- 
ingful settling-time results. The 
Spectrum Software team set the 
maximum time step to 0.01% x 
(1/10 kHz) = 10 nsec. 

To aid convergence of the Wein- 
bridge oscillators, Meta-Software 
engineers set the maximum change 
in node voltages, the de parameter, 
to 5.0; the internal pivoting algo- 
rithm setting to 1; and DELMAX, 
the maximum time step, to 4 usec. 


H 


NOTE: TRACE LABELS A TO D CORRESPOND 
TO CIRCUIT NODES A TO D 


The Intusoft team set the parame- 
ters ITL1 and RELTOL to 400 and 
0.008, respectively, to speed the 
Wien-bridge circuits’ de- and tran- 
sient-analysis convergence. ITLI1 
sets the limit of allowed iterations 
for convergence during a de operat- 
ing-point calculation. RELTOL sets 
the relative error tolerance for volt- 
age and current convergence. A 
solution must converge within the 
percentage equal to RELTOL of 
the previous value of voltage or cur- 
rent. 

Simulated oscillators often have 
trouble starting up. Spectrum Soft- 
ware’s Wien-bridge oscillator re- 
quired a long start-up time to reach 
the initial conditions for a measure- 
ment. Micro-Cap IV saved the final 
conditions of the start-up run in a 
disk file for use by the measure- 
ment run as initial conditions. To 
initialize the Wien-bridge circuits, 
the Intusoft team added a bias volt- 
age in the ground leg of the C,-R, 
network. This voltage turns off at 
start-up to give the circuit an initial 
transient. The team placed another 
pulse source in series with the com- 
pensation capacitors in the control 
circuitry and adjusted the pulse’s 
value to get approximately the cor- 


Fig 5—Trace B of Tatum Labs’ simulation of the micropower V/F converter (a) is in close agreement with trace B of the scope photo 
taken of the actual breadboard (b). Traces A to D correspond to circuit nodes A to D in Fig 4. 


140 = EDN May 21, 1992 





~ hte 


v30 yee 
om 
7 teen oe 








ORE SIGNS OF THE TIMES. 


The signs of the times are everywhere. Designers are 
demanding greater speed and greater functionality at 
lower cost. And they’re turning to Headland’s Virtual 
Cache” 486 Chip Set and Windows Express™ Local Bus 
VGA for unbeatable price/performance. 


HTK340 
Virtual Cache” 486 Chip Set 
Team up Headland’s HTK340 Virtual Cache 486 
core logic chip set with Intel’s new super-fast 486DX2. 


The result is a blistering 
wm 29.3 MIPS—without 
| external cache. With 
special features like 
be sieat write buffer aad out-of-order operations, the 
HTK340 offers the best price/performance in the business. 


CORE LOGIC = 


© 1992 Headland Technology Inc. 
Virtual Cache™ and Windows Express™ are trademarks of Headland Technology Inc. All other 
brand and product names are trademarks or registered trademarks of their respective companies. 


CIRCLE NO. 102 


HT216-32 
Windows Express™ Local Bus VGA 
With Headland’s HT216-32 local bus, commands 
and data are transferred at speeds 
2 up to 33MHz. By incorporating 
7 __.| Windows” raster operations, the 
Windows Pores: local bus graphics controller will boost 
the performance of Windows applications significantly— 
as much as four times faster than SVGAs. Without a 
costly co-processor or VRAM. 
Call Headland now for more information on our 
complete line of local bus 
core logic and graphics 


products. And follow the i | oat IC 


| Technology Inc 


46221 Landing Parkway, Fremont, CA 94538 


800-238-0101 


EDN May 21, 1992 = 141 


signs to the products of 
the future. 











EDN-SPECIAL REPORT 


DOS-BASED ANALOG-SIMULATION SOFTWARE 


rect initial control current to mini- 
mize the required start-up time. 
The Intusoft team also added a volt- 
age source to Bob Pease’s V/F con- 
verter after finding the circuit’s in- 
itial operating point. The pulse 
source helps the circuit immediately 
come to a stable oscillating state. 

Despite the difficulties associated 
with creating the models and simu- 
lating the circuits for this exercise, 
certain surprises point to the poten- 
tial of simulation. In some cases, the 
simulation waveforms came ex- 
tremely close to those of the actual 
circuit. Tatum Labs’ waveforms of 
the micropower V/F converter (Fig 5) 
show close agreement with those of 
the working circuit. The compara- 
tor’s output waveform (trace B) is 
especially close to the real thing. 

While simulating the same cir- 
cuit, Microsim engineers discovered 
the existence of a long-settling-time 
tail. They saw that the output ap- 
parently settles within a couple of 
cycles of its final frequency. When 
they zoomed in on this tail and indi- 
vidually measured the time period 
of each cycle after the input step, 
they saw that the frequency did in- 
deed jump close to 10 kHz within 
two cycles. The engineers also saw, 
however, that the output continues 
to settle and indeed varies by about 
20 Hz over approximately 80 cycles. 
This settling caused considerable 
frustration in trying to simulate the 
circuit because the engineers in- 
itially thought the tail was a simula- 
tion artifact. After reviewing the 
circuit, however, they came up with 
a valid explanation. Essentially, 
~ they surmised that the emitter volt- 
age of Q, asymptotically approaches 
its final value, which is approxi- 
mately 20 mV below its starting 
value. 

Many vendors discovered the 
Wien-bridge oscillator’s high sensi- 
tivity to loop gain and likewise the 
control current. According to Jim 


142 = EDN May 21, 1992 


Williams, this circuit does indeed 
operate at the edge of stability, 
which provides the best distortion 
performance. The Intusoft team 
found that the circuit zeros of the 
Wien-bridge oscillator flipped from 
the right half plane to the left half 
plane for just a small increase in 
control current. Typically the cir- 
cuit would be unstable for a control 
resistance of 299.960, and would be- 
come very stable when the zeros 
moved to the left half plane when 
the resistance was increased to 
299.9930. 

Meta-Software engineers also 
found that the bridge circuits were 
extremely sensitive to changes in 
the loop gain. Eventually, they 
chose a distortion trim resistance of 
approximately 3000 for stability. 
Spectrum Software engineers dis- 
covered that the Wien-bridge cir- 
cuits produce stable oscillation only 
if the de gain of the oscillator is pre- 
cisely 3.0. | 

Perhaps the most dramatic exam- 
ple of instability in this oscillator 
was the “squegging”’ problem 
Tatum Labs’ team encountered. 
(Squegging, which rhymes with 
pegging, refers to oscillations that 
occur within a modulating enve- 
lope.) The team’s first simulation 
with a time step of 100 usec and a 
3886 processor lasted more than an 
hour and required 640 kbytes of 
hard-disk space. An extended run, 
which lasted overnight, did not 
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show convergence, nor did a run af- 
ter adding a resistor in parallel with 
the photocell. 

All of these insightful results 
came after many simulation trials. 
None of the answers came easily. 
Each vendor made use of many of 
the features unique to its software. 
Although these features clearly 
made performing some parts of the 
simulation easier, the implication of 
this exercise is that any reasonably 
accurate simulation requires ex- 
treme diligence on the part of the 
engineer running it. Although soft- 
ware tools can provide amazing in- 
sight into the way circuits function, 
that insight is a direct result of an 
engineer’s perception of a circuit, 
selection of the right models, and 
manipulation of a simulator to pro- 
vide reasonable answers to reason- 
able questions. EDN 
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customers to seamlessly connect Ethernet and 
Token-Ring protocols. And we recently introduced 
our single-chip TROPIC™, the industry’s first fully- 
integrated Token-Ring controller. That’s just the 
initial step in a joint IBM-National relationship 
expected to deliver new levels of flexibility to you 
and your customers. 

ks) We’re also delivering new levels of perfor- 
mance. So when your customers demand higher 
network availability and bandwidth—without 
higher costs—you can build products around 
our high performance breakthroughs like 
100BASE-T™ FDDI. With 100BASE-T, the first 
proposed solution for FDDI across twisted pair 
copper wire, National is leading the way in driving 
FDDI performance to the desktop. 

Finally, we’re developing solutions to 
simplify the role of network management. From 
RIC™, the first fully-integrated Ethernet controller 
for managed hubs, to our Token-Ring and FDDI 
offerings, we provide extensive network 
management support. 

At National, we’ve spent nearly a decade 
meeting challenges of this market by helping our 
customers develop unique, standard-compliant 
products. And our relationship with virtually every 
major LAN supplier—as well as our leading role in 
the IEEE and ANSI standards committees—gives us 
the systems understanding to help you thrive in this 
era of multi-vendor, enterprise-wide networking. 

And that’s something we thought you 


should know. 








National 


Semiconductor 
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If you like what we’ve 
had to say about 


National’s place in net- 


working, give us a call 





at 1-800-NAT-SEMI (Ext. 
191). We'll demonstrate 
how our silicon solutions 
can help you produce 
differentiated products 
with reduced time-to- 
market and lower 
adoption costs. And 
we'll explain why more 
companies like yours 
are learning that it pays 


to know National. 


National 


Semiconductor 


TROPIC, RIC and 100BASE-T are trademarks of National 
Semiconductor Corporation. All other company and 
product names are trademarks or registered trademarks 
of their respective holders. ©1992 National 
Semiconductor Corporation. All rights reserved. 
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Which is why you should know National. 

As the number one supplier of LAN silicon 
—more than 13 million chipsets and counting— 
National has been at the heart of networking 
since its very beginnings. And, unlike any other 
silicon supplier, we offer solutions in all three of 
the major networking standards: Ethernet, Token- 
Ring and FDDI. 

Simply stated, we’re totally committed to 
helping you meet today’s unprecedented demand 
for network computing and shared resources. So 
when network managers look to you for market- 
driven solutions to improve connectivity, perfor- 
mance, interoperability and network management, 
you can look to National. 

Le Our own customers began doing just that 
in 1985, when our first Ethernet silicon helped 
foster the widespread acceptance of LANs. Since 
then, more award-winning Ethernet adapter cards 
have been created and certified with National’s 
silicon than any other. What’s more, our newest 
solutions are already fueling the emergence of 
“network ready” Apple and IBM-compatible PCs 
and peripherals. 

But that’s only the beginning. Because your 
customers are implementing increasingly diverse 
networks, we’ve made it a priority to help you 
provide for the delivery of new desktop services on 
the network—while ensuring for the interoperability 
of mixed media and protocol environments. 

In fact, we joined with IBM, the leader in 


Token-Ring technology, to make it easier for your 
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Analog Technology 


Circuit options boost 
photodiode bandwidth 


Jerald Graeme, Burr-Brown Corp 


The number of circuit-design techniques you 
can use to widen the bandwidth of photodiode 
circuits is surprisingly large. Even the way you 
bias the detector can have a profound effect 
on the frequency response and noise. 


Photodiodes’ large capacitance severely restricts the 
bandwidth of basic photodiode circuits. Three methods 
overcome this restriction: signal isolation, photodiode 
bias, and photodiode bootstrapping. An op amp con- 
_ nected as a current-to-voltage (I/V) converter provides 
signal isolation; it removes the signal voltage from the 
photodiode and prevents the diode’s capacitance from 
shunting the signal away from the amplifier. 

Reverse biasing the photodiode, a function readily 
performed with the I/V converter, reduces the effect 
of the diode capacitance and improves the circuit band- 
width. Although such bias introduces significant offset 
-and noise errors, the common-mode rejection of the 
converter’s op amp can remove most of them. 

Bootstrapping the photodiode increases the band- 
width in much the same way that using the I/V con- 
verter does. Bootstrapping again removes signal volt- 
age from the photodiode capacitance. In addition, the 
bootstrap configuration reduces phase compensation 
requirements. This reduction gives the bootstrap cir- 
cuit a bandwidth advantage when photodiode capaci- 
tance is low. Finally, bootstrapping combines with I/V 
conversion to make the bandwidth immune to the ef- 
fects of the photodiode capacitance. 

The op-amp I/V converter of Fig la removes the 
signal voltage from the photodiode capacitance. The 
op amp and its feedback resistor translate the diode 
current to a buffered output voltage. Added to the 
figure is a feedback capacitance, C,,, which provides 


phase compensation as described later. An ideal ampli- 
fier holds its two inputs at the same voltage. In Fig 
la, such an amplifier would hold the signal voltage 
across the photodiode (and across the diode capaci- — 
tance) to zero. The op amp transfers the signal voltage. 
to its output and isolates the signal voltage from the 
diode. 


Cp |Cicm _ 


150pF| 7pF | 8pF \ - 
. 





Fig 1—The current-to-voltage converter isolates the photodiode 
from the e, swing, leaving only the residual e,/A across the diode 
capacitance. 
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In practice, the amplifier’s high, but finite, open-loop 
gain limits the isolation of Fig la’s circuit. Part of the 
circuit’s output voltage remains on the photodiode and 
_ produces a new bandwidth limit. Fig 1b illustrates 
this isolation limit. Here, a current source and a capaci- 
tance, Cp, replace the photodiode. Also, the op-amp 
input capacitance is separated from the amplifier. 
These capacitances support the amplifier’s gain-error 
signal, e)/A. The resulting capacitive currents shunt 
part of the photodiode current, ip, producing a new 
bandwidth limit. 

The capacitances also compromise frequency stabil- 
ity, affect bandwidth, and require phase compensation. 
Together with feedback resistor R,, the capacitances 
introduce a feedback pole. Compensation capacitor Cy, 
introduces a feedback zero, counteracting the effect 
of the pole. The feedback factor, or fraction of the 
output fed back to the input, reflects the pole an 
zero in 3 


B=(1+s/27f,)/1+s/2xf,), 
where f,=1/27R,C,, 
and f,=1/27R,(Cpt+ Cpt Cioy + Cy). 
Bode analysis with this feedback factor defines the 


optimum value of C;, and the resulting bandwidth (Ref 
1). For 45° of phase margin, set C, at 





C,=(C,/2)1+V(1+4C,/C,), 
where C,=1/27R,f,, 
and 'C,;=C€,,+G,) + Giex- 


Here, the use of an equivalent capacitance, Cc, simpli- 
fies the C,;, expression. C, represents the value of ca- 
pacitance that would break with R, at the amplifier’s 
unity crossover frequency, f,. For large photodiode 
capacitances, the result simplifies further to 


C.=V(C,C,), 
for Cy, > C,. 


The above settings for C;, produce a circuit bandwidth at 


BW=1.4 f=1.4V (Ef. 


Later, circuit comparisons extend the C, and BW re- 
sults to other photodiode amplifier configurations. 
Even with the I/V converter, the photodiode ca- 
pacitance remains a primary limitation to the band- 
width. The most common solution is simple reverse 
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bias of the photodiode. This bias reduces the diode 
capacitance at the expense of other performance. The 
diode capacitance results from the diode junction and 
responds to a reverse-bias voltage Vp according to 


Cp=Cyo/V (1+ Vp/ dp). 


Here, Cp is the photodiode capacitance at zero bias 
and op, is the built-in voltage of the diode junction. 
For silicon photodiodes, dg~0.6V. With a nonzero Vp 
above, Cp is smaller than its zero-voltage value of Cpp. 
For example, making Vz =10V reduces the capacitance 
by a factor of 4.2. From the previous BW expression, 
the photodiode-amplifier bandwidth is proportional to 
1/V Cp, so making Vp=10V improves the bandwidth 
by a factor of a little more than 2. 

With the basic photodiode amplifier, you can easily 
apply reverse bias to the diode by returning the diode 
to a voltage source instead of to common. Fig 2 illus- 
trates this configuration along with its compromises. 
You can greatly reduce these compromises by making 
use of the differential nature of the amplifier. The op- 
amp input in Fig 2a holds the anode of D, at 0V. The 
de voltage source, Vz, sets the reverse bias at Vp = Vz. 
This bias reduces the diode capacitance as described, 
but increases the de error and noise. The de leakage 


“ OPAI 


10V+ 4 pV/A/Hz 





@o=—(ip+l L+@npCps)R, 


Fig 2—DC bias reduces photodiode capacitance, but increases 
errors from diode leakage current and bias-source noise. 


current of the photodiode and a noise current from 
Vz, both of which flow through R,, limit the accuracy 
of high-gain photodiode amplifiers that use large 
values of R,. : 

In the absence of diode bias, (for example, in Fig 1), 
the photodiode is across the op-amp inputs with virtu- 
ally no voltage that might produce a diode leakage 
current. Then, the input errors of the op amp dominate 
the de error. Selecting an appropriate op amp mini- 
mizes this error. Because of their low bias currents, 
FET-input amplifiers are a logical choice. With the 
OPA111 shown, the amplifier input current is 1 pA. 
This current develops an output offset of 100 nV across 
the 100 kQ R, shown. At 100 nV, the offset effect of 
the amplifier input current is negligible compared with 
the amplifier’s 100-~V input offset voltage. In Fig 1, 
the amplifier transmits this offset voltage to its output 
with unity gain, producing an output offset of 100 pV. 


Diode bias increases errors 


Adding reverse bias to the typical photodiode pro- 
duces a diode leakage current (I, in Fig 2b) that over- 
whelms the dc error. To significantly reduce the photo- 
diode capacitance, the diode reverse bias must be 
large, which raises the diode leakage to its full satura- 
tion level, Is. This leakage current is typically far 
greater than the FET leakage that produces the ampli- 
fier input current. The difference in leakage currents 
results primarily from the relative junction areas of 
the photodiode and the amplifier input FET. Leakage 
current is proportional to junction area, and photo- 
diodes usually have large areas to enhance their 
photosensitivity. Conversely, amplifier input FETs are 
as much as 1000 times smaller in order to reduce ampli- 
fier input leakage and input capacitance. 

With only a moderate size photodiode, like the 0.023 
cm” device of Fig 2, a 10V reverse bias produces a 
o-nA leakage current. The flow of this leakage in the 
100-kQ R; produces a 500-~V output offset that adds 
to the 100-»V offset error of the op amp. Thus, the 
diode bias increases the de error by 6:1 in return for 
the 2:1 bandwidth improvement. 

Noise also increases with photodiode bias through 
an added noise source impressed on the diode capaci- 
tance. In the zero-biased case of Fig 1, the photodiode 
is across the op amp inputs. There, the amplifier input 
noise voltage, ey;, is impressed on the diode capaci- 
tance Cp. Then, ex; produces a noise current in Cy 
that flows through R;. This noise current produces 
an output noise voltage amplified from the op-amp in- 
put by a gain of R,Cps. The response zero of this noise 
gain produces noise-gain peaking (Ref 2) and can in- 
crease the effect of ey; by a factor of 5 to 10. Added 
to this amplifier noise is the noise of the resistor. The 
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resistor noise transfers to the circuit output with unity 
gain. This added noise is V4KTR,, where T is Kelvin 
temperature and K is Boltzman’s constant or 
L380". 

With unbiased photodiodes, the amplifier and resis- 
tor noise sources determine the circuit’s noise perform- 
ance. However, the addition of photodiode bias nearly 
always makes the bias source the dominant source of 
noise. With the OPA111 of Fig 2, the input noise volt- 
age density of the amplifier is 7 nV/WHz and gain 
peaking typically amplifies this noise to an effective 
50 nV/V Hz. With the 100-kQ R,; shown, the resistor 
introduces 41 nV/VHz. These two noise signals com- 
bine in root-sum-squared fashion to produce a net cir- 
cuit output noise of 65 nV/V Hz. 

However, the photodiode bias overrides this noise. 
The voltage noise of the bias source, eyp, also appears 
across the diode capacitance of Fig 2b. There, it pro- 
duces a capacitive current of eypCps. This current flows 
through R,. The resulting noise gain for exp is CpR,s 
or the same as the gain for the amplifier noise, ey,. If 
the bias source is a 10V reference, its output noise 
density is typically 4 ~V/VHz. Typical noise gain 
raises this noise to around 30 wV/V Hz at the circuit 
output. Thus, in Fig 2, the diode bias increases the 
output noise by a factor of about 460 from the 65 nV/ 
VHz otherwise determined by the op amp and the 
resistor. 


Differential inputs reduce bias errors 


Making use of the differential nature of the op amp 
inputs greatly reduces both the de and noise errors 
introduced by photodiode biasing. If you add a second, 
matching photodiode, as in Fig 3, the amplifier’s com- 
mon-mode rejection can reduce the two errors. You 
also add a second current-to-voltage conversion resis- 
tor that is matched to the first resistor. Only the origi- 
nal photodiode, D,, remains open to light input. The 
second diode, D., is blocked from the light source. The 
added diode’s sole purpose is error cancellation. 

Only D, supplies a signal current, ip, but both diodes 
supply leakage and noise currents to the op amp. The 
two diodes connect to opposite-polarity amplifier inputs 
so that the diode error currents produce counteracting 
effects. Because the anodes of two diodes connect to 
the op-amp inputs, the anodes are at the same poten- 
tial. Also, the bias source connects to the cathodes of 
both photodiodes. Thus, the two diodes have the same 
voltage drops whether from the dc or the noise outputs 
of the bias source. The resulting diode leakage cur- 
rents, I,, are equal, as are the noise currents of expCps. 
Flow of these matched currents in the two R, resistors 
produces equal voltages. These equal voltages produce 
canceling effects in the circuit output voltage. With 
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two photodiodes from the same manufacturing lot, the 
matching is within about 5% yielding a 20:1 error re- 
duction. 

The matched-photodiode solution, although simple 
to implement, still presents a noise compromise com- 
pared with the zero-bias connection. Compared with 
the zero-bias case of Fig 1, the circuit of Fig 2 produces 
a 6:1 offset increase and a 460:1 increase in noise. With 
matched diodes, the circuit of Fig 3 reduces these ef- 
fects by a factor of 20. This circuit removes the offset 
increase, but still lets the noise increase by 23:1. In 
return for this increased noise, the circuit bandwidth 
increases by a factor of only 2. 


Bootstrap extends bandwidth further 


To improve the bandwidth without the bias compro- 
mise, use bootstrapping. The I/V converter of Fig 1 
improves the bandwidth by removing the load signal 
voltage from the capacitance of the photodiode source. 
This circuit avoids capacitive currents that otherwise 
absorb signal current at higher frequencies. Bootstrap- 
ping can also remove the load signal swing from the 
source. For photodiodes, bootstrapping either replaces 


400k 


OPAI11 | 


22BH18M 


enepCps 
mC) Go =—Ipt+R, 


enpCps i 


50 pF 


10V+ 4 pVA/Hz 





Fig 3—You can remove the errors of Fig 2’s circuit by making use 
of the common-mode rejection of the op amp’s inputs. 
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or works with the I/V converter. In either case, the 
bandwidth is greater than that of the basic I/V con- 
verter. 

Conventional bootstrapping drives the common re- 
turn of a voltage source with the voltage developed — 
on the circuit load. Translating this concept directly 
to photodiode sources produces results very similar to 
those described for the I/V converter. Phase com- 
pensation requirements and the resulting bandwidth 
closely follow the earlier discussion, but with added 
bandwidth in low-capacitance cases. Fig 4 illustrates 
bootstrapping applied to the photodiode through a volt- 
age follower. Without the follower, the circuit would 
ground the anode of the photodiode along with the 
load, R,. This shared ground return places the load 
voltage swing across the photodiode capacitance, re- 
sulting in limited bandwidth. Fig 4’s circuit uses the 
voltage follower to drive the diode’s anode return. The 
follower monitors the load-resistor voltage and drives 
the anode of the photodiode to the same voltage. In 
the ideal-amplifier case, zero voltage remains across 
the diode capacitance. 

In practice, limited op amp gain leaves a residual 
signal voltage on the diode capacitance, just as the in 
the case of the I/V converter of Fig 1. As before, this 
residual signal determines the bandwidth of the boot- 
strap circuit. To find this bandwidth, Fig 4b models 
the circuit in a manner similar to that used for Fig 1b. 
A current source represents the photodiode. The diode 
capacitance, Cp, and the op amp input capacitance ap- 
pear across this source. With respect to the amplifier 
capacitances, Fig 4b’s circuit differs from that of Fig 
1b. In Fig 1b, both C;p and Cycy are across the photodi- 
ode, but in Fig 4b, Cycy is across R,;, instead. This 
change is what produces the improved bandwidth. To 
achieve this added bandwidth, you must accept an addi- 
tional amplifier error: In Fig 4, the load voltage is a 
common-mode voltage for the op amp. This voltage, 
attenuated by the amplifier’s common-mode rejection, 
results in a small error. 

You could perform the bandwidth analysis for Fig 
4 by following the same method used for the I/V con- 
verter. However, you need not repeat this detailed 
analysis when you examine the source of Fig 4’s band- 
width limit. The poles of this circuit result from the 
signal e,/A that appears on the circuit capacitances. 
The resulting capacitive currents shunt a portion of ip 
away from R,. This bandwidth-limiting action is identi- 
cal to that described for the I/V converter. The only 
difference is that e,/A appears across slightly different 
capacitances in the two circuits. In Fig 4, this signal 
is across Cyp+Cy;p and in Fig 1 the signal is across 
Cyp+Cipt+Cicy. The difference is Cjcy, which in Fig 4 
parallels C,. 





Thus, by accounting for these capacitor differences, 
you can adapt results of the I/V converter analysis to 
Fig 4’s bootstrap circuit. Specifically, you modify the 
earlier results by replacing Cp+Cyjp+Cicy with 
Cp + Cp. Similarly, you replace C, of the earlier results 
with Cy+Cycy. As described later, Cjcy acts as part 
of the circuit phase compensation and less capacitance 
is required for C,. The reduced C,, is significant when 
Cp is small. Then, Fig 4’s bootstrap circuit provides 
greater bandwidth than does the equivalent I/V con- 
verter. 

The choice of C;, for the remaining bypass require- 
ment otherwise follows directly from the discussion of 
Fig 1. Applying Fig 1’s feedback analysis to Fig 4b 
yields very similar results. For this analysis, you deter- 
mine the circuit’s feedback factor. Fig 4b shows an op 
amp with both negative and positive feedback. The 
feedback combination determines the net feedback fac- 
tor. From the amplifier’s voltage-follower connection, 
the negative-feedback factor is unity. Capacitances Cp 
and Cyp supply added feedback to the load circuit. 
These capacitors form a voltage divider with the load; 
the voltage divider fraction is the added feedback fac- 
tor. This additional feedback is positive because it 
drives the noninverting input of the amplifier. The net 


— GH1/2nRiicCicy = 
. BWei4in 





Fig 4—Bootstrap bias replaces the |/V converter, allowing lower 
values of C, and increasing the bandwidth. 
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feedback factor is the difference between the negative 
and positive feedback factors (Ref 3) or B=B6.—-B.. 
For Fig 4, 


B=(1+s/2rt,)/1+s/27f)), 


where f,=1/27R,(C,+Cicy), 
and f,=1/27R,(Cp+C,5+CjcytCyz). 


This bootstrap feedback factor is almost identical to 
that of Fig 1’s I/V converter. The only difference is 
the presence of Cycy in the expression for f,,. Once 
again, the feedback factor has a pole at f, formed by 
R, and the total capacitance connected to the input 
circuit. Now, however, C;cy adds to the feedback zero 
at f,. Otherwise, the two response singularities pro- 
duce the same feedback response as described for Fig 
1b. Phase compensation of Fig 4, then, follows the 
earlier guideline with C,, chosen to produce 45° of phase 
margin. 

Design equations for selecting C,;, follow from the Fig 
1 results with a simple modification for the bypass 
effect of Cjcy. AS mentioned, this capacitance provides 
part of the phase-compensating bypass, so the value 
of C,, decreases by an equal amount. Then, for larger 
photodiode capacitances, in Fig 4 


Ch=V(CiCo)—Cicms 
where C, < Cp+C,, 
and where C,=1/27R,fo, 
and C,;=Cp+Cip+Cicy.- 


As before, f, is the op amp’s unity-gain crossover 
frequency. In cases where bootstrapping is most use- 
ful, the photodiode capacitance is small and you must 
use the more complex equation with Fig 4. 


C,=(C,/2) V 1 +4C,/C,)—Cicy, 
where C,.=1/27R,f,, 
and C,=Cp+CiptCicu: 


As described for Fig 1, selecting C,, for 45° of phase 
margin sets the bandwidth at BW = 1.4 fp=1.4V (f,f,). 
For the specific components of Fig 4, the result is a 
bandwidth of 2.7 MHz. The equivalent implementation 
with an I/V converter results in a bandwidth of 2.2 
MHz—22% lower than with bootstrapping. 

An even greater bandwidth improvement results 
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from combining the benefits of the I/V converter and 
bootstrapping. Fig 5 illustrates this combination with 
the bootstrapping provided by a unity-gain buffer (Ref 
4). The buffer replicates e,/A from the I/V converter 
input at the anode of the diode. Both terminals of the 
diode have the same signal and there is zero signal 
across the diode capacitance. 

The combination shown in Fig 5 makes photodiode 
monitoring immune to the photodiode capacitance as 
long as the buffer meets several requirements. These 
requirements are wide bandwidth, low output imped- 
~ ance and low noise. The bandwidth of the buffer must 
be much greater than that of the op amp used in the 
I/V converter. This condition limits a new gain error 
signal that appears across the diode capacitance. As 
described with Fig 4, the bootstrap amplifier has a 
gain error signal of its own and this signal appears 
across the photodiode. This error increases with fre- 
quency and determines the bandwidth limit in Fig 4’s 
circuit. Fig 5’s circuit keeps this buffer error small 
throughout the op amp’s useful frequency range. Also, 
over this range, the output impedance of the buffer 
remains low. The roll-off caused by this impedance and 
the diode capacitance has little effect on the bandwidth. 
With such a buffer, the I/V converter of Fig 5 deter- 
mines the circuit’s bandwidth; the bandwidth is inde- 
pendent of the diode capacitance. 

How well you can remove the diode-capacitance ef- 
fects also depends on how well you can control noise 
from the buffer. In the basic I/V converter of Fig 1, 





the dominant output noise originates with the input 
noise voltage of the op amp (Ref 2). That input noise 
appears across the photodiode capacitance and the re- 
sulting noise current flows through R,. In Fig 1, the 
end result is a noise gain that peaks at high frequencies 
and dominates the output noise. Fig 5’s circuit boot- 
straps the photodiode capacitance on the op-amp input 
noise as well as on the gain error signal. Thus, in Fig 
5, the op-amp noise does not receive increased high- 
frequency gain. However, the noise of the buffer now 
appears across the diode capacitance and does receive 
this gain. Thus, in Fig 5’s circuit, the buffer replaces 
the op amp in setting the output noise performance. 

Fortunately, the circuit relaxes other demands on 
the buffer performance, letting simple circuits serve 
as buffers. The buffer does not require the high open- 
loop gain normally expected of op amps. Buffer gain 
accuracy is not critical as long as the accuracy does 
not start to decline at too low a frequency. Relatively 
small gain error signals impressed on the photodiode 
do not significantly alter the diode’s response. The 
high-gain op amp of the I/V converter ensures that the 
circuit response remains accurate. Thus, low-gain, 
wide-bandwidth circuits are sufficient for the buffer. 
Furthermore, such circuits are preferable to complete 
op amps because their lower gain permits greater 
bandwidth. 

The circuit of Fig 5b includes one such buffer. Basi- 
cally, this buffer is a source follower, Q:, biased from 
current source Q,. The JFETs used here limit the input 


do-Qy: 1/2 2NGQO7 
Q;:2N2907 





Fig 5—Bootstrapping in combination with use of the I/V converter makes the bandwidth limit essentially independent of the photodiode 


capacitance. 
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Introducing the AD620, the In Amp ofthe 0, 
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current drawn by the buffer and permit a simple reali- 
zation of the current source. Note that the buffer input 
current flows through R,, causing increased output 
offset voltage. Other components of the buffer produce 
low output impedance. Without Q, and Q,, the buffer 
output resistance would be R3+1/gm; where gms; is 
the transconductance of Q;. Without these added com- 
ponents, which add loop gain and feedback that coun- 
teracts current changes in Rs; and Qs, the output resis- 
tance would be too high and would react with the 
photodiode capacitance at too low a frequency. 

The loop gain driving the feedback starts with Q,. 
This FET acts as a current-source load to the drain 
of Q;. Any change in the current through Q, reacts 
with the high impedance of current source Q, to drive 
the base of Q,. This transistor responds and supplies 
the current demanded from the buffer output. Just 
about the only change in current through R, and Qs is 
the change in Q,’s base current. Thus, the added com- 
ponents reduce the buffer output resistance by a factor 
approximately equal to the current-gain B of Q). 

Biasing for Fig 5b’s buffer avoids de voltages across 
the photodiode. As discussed earlier, the typical photo- 
diode has a large junction area capable of producing 
high-leakage current under bias. To keep the diode’s 
de bias at zero, Q. and Q, have equal source resistors. 
The gate of current source Q, returns to the bottom 
of its bias resistor, R,. This arrangement establishes 
a voltage on R, equal and opposite Q.’s gate-source 
voltage. Essentially the same current flows in Q, and 
Q. so that, with the matched devices shown, the FETs 
have equal gate-source voltages. Making R,=R, adds 
just the right de voltage drop in series with the buffer 
output. The de voltage across R; is equal and opposite 
to the gate-source voltage of Qs, so the buffer intro- 
duces no de offset. 

As mentioned, if the buffer meets its requirements, 
the photodiode capacitance does not affect the band- 
width of Fig 5’s circuit. Capacitances remaining at the 
input of the I/V converter now determine the band- 
width. These capacitances are the input capacitances 
of the op amp and buffer. For the op amp, the input 
capacitance is Cy>+Cycy as described for Fig 1b. For 
the buffer of Fig 5b, the input capacitance is essentially 
the gate-drain capacitance of Q, or Ceps3. Note that 
adding the bootstrap buffer adds this capacitance to 
the basic circuit. The added capacitance must be 
smaller than the bootstrapped diode capacitance or the 
bandwidth will not improve. 

Together, the capacitances at the op-amp input of 
Fig 5 react with R, just as described for Fig 1. Thus, 
choosing phase compensation for 45° of phase margin 
again produces a bandwidth of 1.4V (f;f,). The compen- 
sation for Fig 5 follows from the discussion of Fig 1. 
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Capacitive bypassing of the feedback resistor, R,, 
counteracts the feedback pole introduced by the capaci- 
tance at the op-amp input. As before, two expressions 
define C;, depending on the relative size of the diode 
capacitance Cp. In each expression, you must replace 
the previous Cp term by the small buffer-input capaci- 
tance, Ceps. Substituting Cep, for Cp in the small- 
capacitance equation for Fig 3 defines Fig 5’s phase 
compensation as 


C,=(C,/2)V (1+ 4C,/Ce, 
where C,=1/27R,f,, 
and C=C t Caw t Cin 


With the specific components in Fig 5, the bootstrap 
delivers a 7.7:1 bandwidth improvement. The compo- 
nents shown have Cyp=1 pF, Cycy=3 pF, Ceps=1.3 
pF, and Cp=300 pF. Also, the imaginary Cg, is 0.16 
pF for Fig 5’s R,=500k and f.=2 MHz. Setting the 
phase compensation with the last equation yields C;, =1 
pF. For these circuit conditions, previous equations 
define f; = 1/27 Ry (Cyp + Cicm So Cops) =60 kHz and the 
bandwidth as 1.4V (f;f,) =485 kHz. By comparison, Fig 
5’s circuit without the bootstrap buffer contends with 
an input capacitance of Cp =300 pF instead of Cep3 = 1.3 
pF’, so the bandwidth decreases to 63 kHz. 
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The MAX639 switching regulator has greater than | 
90% efficiency at output currents from 2mA to 200mA | 
due to ultra-low 20uA quiescent current. Features } 
pre-set +5V or adjustable output and logic-controlled | 
shutdown. Available in 8-pin DIP or SO. Evaluation | 
kit also available. 

























MAKIM 









NO MULTIPLEXING SKEW 
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(ALL CHANNELS) 
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The MAX155 monolithic ADC simultaneously 
samples 8 input signals, then sequentially digitizes 
them to 8-bit accuracy in 3.6us per channel. Includes 
+2.5V voltage reference, 8x8 RAM, and 8-bit uP 
interface. Evaluation kit also available. 


MAX528/MAX529 combine eight 8-bit DACs, output 
buffer amplifiers, and serial interface logic on a single 
chip, providing a compact alternative to 8 
trimpot-amplifier pairs. Operates from single or dual 
supplies. 
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Lowpass Filters — $2.95* 
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~ 2ns Comparators Resolve 3mV 
Signals with No Oscillation 
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for Portables 
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MAX291/MAX295 (Butterworth) and MAX292/MAX296_ | 
(Bessel) 8th-order low-pass switched capacitorfilters | 
come in space-saving 8-pin DIP and SO packages, 
and require no external components. The corner 
frequency is clock-programmable over a range of 
0.1Hz to 50kHz, and THD + Noise is a low -70GB. All 
devices operate from +5V or +5V supplies. 

*1000-up FOB USA 
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MAX714-MAX716 combine up to four +5V low 
dropout linear regulators, three DC-DC switching 
regulators and power-supervisory functions all in one 
IC. High 83% efficiency saves power and extends 
battery life. Ideal for 5- or 6-cell inputs. Evaluation kit 
also available. 


The MAX905/MAX906 ultra high-speed, precision 
single and dual ECL comparators eliminate oscillation 
caused by unwanted parasitic feedback. Resolves 
inputs as small as 3mV over its common-mode range, 
and prop delay is independent of input overdrive. 
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+3V Powered RS-232 Is Here! : 83% Efficient Negative “300kHz 1% Accuracy 4th-Order 
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The MAX561 is the first device to implement the new | The new MAX739/MAX759 pulse-width modulated | The MAX274/MAX275 8th-order/4th order filters 

EIA/TIA-562 standard that guarantees operation with | DC-DC CMOS inverters are the outstanding choice | combine a proprietary low-noise circuit design with a 


output voltages as low as +3.7V. The MAX561 | for battery- powered portable equipment. Compact | continuous-time architecture to provide 120unVRMS 
consumes 1/3 the power of +5V RS-232andoperates | size (0.65in2), high efficiency (83%) and 1pA | noise floor and 92dB dynamic range for both 


from a 3.3V power supply. | pin-controlled shutdown make these DC-DC | bandpass and lowpass applications. Eliminate clock 
| converters unbeatable for extending battery life. | noise and aliasing problems common with 
Evaluation kit also available. | switched-capacitor solutions, while achieving 1% 


accuracy up to 300kHz frequencies. Evaluation kit 
' also available. ; 
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Switch in 15ns 
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MAX440/441/442 combine a 160MHz, unity-gain 


| in a single DIP/SO. Pin-selectable frequency 
| compensation (MAX440/441) allows the amp’s AC 
| response to be optimized without external components 
| (110MHz for gains = 6dB) and output-disable allows 
| multiple MAX440s to be paralled for larger switch 
| matrices. 
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MX7245/MX7248 complete, 12-bit, voltage-output 
DACs combine alaser-trimmed DAC, aBiCMOS output 
amplifier with +10V out drive capability, and a +5V 
+30ppm/°C buried-zener reference on a single IC. 
Double-buffered logic inputs are offered in both a 12-bit 
wide (MX7245) and a 8+4-bit wide (MX7248) data bus 
for fast interface to 8- and 16-bit microprocessors. 
















Converters Have 94% Efficiency! 
EFFICIENCY vs. OUTPUT CURRENT 
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The MAX750/758 high-efficiency 160kKHz PWM 


step-down regulators have adjustable outputs down to | 


1.25V. The inputs can be as high as 11V and 16V 
respectively—88% to 94% efficiency, 6.QuA 
logic-controlled shutdown, and compact 0.65in2 circuit 
size make them an outstanding choice for 
battery-powered, portable equipment. Evaluation kit 
also available. 
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160MHz Video Mux/Amps Pixel | 







stable video amp plus 8-, 4-, or 2-channel multiplexer | 













4-Quadrant Multiplying 12-Bit DAC 
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Consumption 1/3 


+5V 250mA 


The new MAX1259 battery manager consumes only 
100nA supply current in back-up mode, 3.3mA in 
operating mode. When power fails, it switches CMOS 
RAM, real time clocks, or other continuously powered 
circuits to the backup battery. Commercial/military 
temperature range. 





Includes Voltage Output Amplifier 
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The MX7845 12-bit, 4-quadrant, voltage-output 
multiplying DAC combines a BICMOS amplifier with 
+10V drive capability and a laser-trimmed, 
thin-film-resistor DAC on a single chip. 
















) ie a eee (Circle 63) : 
11. A Single Supply Op Amps 
Swing Rail-to-Rail 
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ALL COMPONENTS CONTAINED WITHIN THE pH PROBE 


The MAX406/407 single/dual op amps operate from 
a single supply as low as +2.5V and consume less 
than 1.2uA per amplifier. Outputs swing rail-to-rail 
while sourcing up to 2mA and the input range extends 
from the negative supply rail to within 1.2V of the 
positive supply. And, unlike other CMOS op amps, 
the MAX406/MAX407 maintain stability without 
external compensation while driving loads in excess 
of 1000pF. 
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Opto-Isolated 12-Bit ADC with Ref 


3 ISO V+ (45V) 


TV: 
(-12V/-15V) 


The MAX171 is a complete 5.8us 12-bit ADC that | 


provides over 1500 VRMS electrical isolation between | _ 


its analog input and the digital interface pins. It | 


combines an ADC, three high-speed opto-couplers, | | 


and a low-drift buried-zener reference, to produce an | 
isolated data aquisition system. : 
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 MX7821, 8-Bit ADC Upgrades 
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20 
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MX7821 high-speed, 8-bit ADC is uP-compatible and 
uses a half-flash technique to reduce conversion time 
to 660ns. In addition to unipolar operation, it includes 
a Vss pin to support dual power supplies and bipolar 


inputs (rail-to-rail). Track-and-hold function digitizes | 
dynamic input signal—no external clock required. 
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The MAX731/MAX752 step-up regulators are used to 


build 85% to 90% efficient power supplies that fit into | 


less than 0.65in2 of board space. The MAX731 has | 


fixed +5V output voltage and the MAX752 has an | 


adjustable +2.7V to +15.75V output voltage. Evaluation | 
kit also available. 
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* FREE SAMPLES x 


Call Toll Free 1-800-998-8800 for a free Design 
Guide or a free sample—sent within 24-hours! 


For applications assistance, call (408) 737-7600, 
FAX (408) 737-7194 or write Maxim Integrated 


Products, 120 San Gabriel Drive, Sunnyvale, CA 
94086. 












~ SAFETY IN NUMBERS. 


150 DESIGN KITS FROM 35 ASIC VENDORS. 






If you’re an ASIC designer, DAZIX has the 
numbers you can count on. 


Our ASIC design environment 
lets you choose from over 150 
design kits from 35 major ASIC 
vendors. These kits contain the libraries, 
models, and interfaces you need for fast, 
accurate design and simulation of PLDs, FPGAs, 
gate arrays, cell-based, and full custom ASICs. And 
| by giving you a large number of ASIC vendors to 
| choose from, we expand your design options and 
help you increase control of your design process. 


Within our ASIC design environment, you can 
select a variety of technologies — including CMOS, 
HCMOS, bipolar/ECL, and Gads. Plus, you can 





‘ combine different technologies, devices, 
and vendors. And there’s just one 
design suite and one icon-driven 
interface to learn, so you won’t need 

to retrain as you migrate from foundry 
to foundry, project to project, and device to device. 





What’s more, once your ASIC design is completed, 
it can be integrated directly into your PCB, hybrid, 
and MCM designs. 


Call for free ASIC catalog. To learn more about 
how DAZIX can make your ASIC design job easier, 
call for our newest catalog, ASIC Design Solutions. 


In the US., call 800-239-4111. In Europe, fax 
33-1-4537-7135. In the Asia Pacific area, call 
852-8661966. 


® 


An Intergraph Company 


DAZIX® and Intergraph® are registered trademarks of Intergraph Corporation. Other brands and product names are trademarks of their respective owners. 
Copyright 1992 Intergraph Corporation. Huntsville, AL 35894-0001. DDADO52A0. 
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Now there are eight members 
_ of the Linear Technology ultra low 
power RS485/RS422 family. They’re 
manufactured with LTC’s proprie- 
tary Schottky LTCMOS" process 

to achieve low power consumption 
without sacrificing ruggedness. The 
entire family is pin compatible with 





cine acahie 
Mbs, but the quiescent current is é and industrial temperature grades. 


Jmnee 
Sie 
owe) occ |e 
LTC1485 | Duplex | 8XLower | 3.5mA | 75ALS176B 
only 150 vA max. LTC488/489 quad Her ae 100-up pricing in plastic DIP starts 
receivers function over a —7V to at $1.35. For more information 


+12V input common mode range contact Linear Technology 
at data rates up to 10OMbs and Corporation, 1630 McCarthy Blvd., 


consume 8X less power than pre- Milpitas, CA 95035. Or call 
viously available parts. 800-637-5545. 


versions of the LT'C485, contai 
_a single driver an Yr. 





of the LTC485 with only 17.5 milli- 
wattsof powerconsumption.  —s| 
All LTC RS485 parts withstand 
forced voltages above and below the © 
supplies without latchup. Driver skew | 
is less than 10ns and outputs stay 
glitch free during power up/down. 
All parts are available in DIP 
and SOIC packages in commercial 







remove the old bipolar power hog 
from your board and plug in LTC’s 
low power replacement for up to 
400X lower power consumption! 
LTC486/487 quad line drivers 
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EPROM and latch detect digital peak 


Yongping Xia, EBT - Torrance, CA 






es The circuit in Fig 1 uses two chips to detect 
Se and hold the highest value of the digital input. Listing 1—C program for EPROM binary data 
ture An 8-bit input signal is sent to the lower 8-bit 
address of a 64kx8 EPROM, the 27512. The output 
of the EPROM is stored in an 8-bit register, a _... 
_ 74HC273. The output of the register feeds back to the long high byte, low byte, number; 


EPROM’s higher 8-bit address. Using this arrange- ig 


ment, you can program the EPROM so that its output FILE “stream; 
equals the higher value of two 8-bit addresses. Assume oe = epee GHENT DAT, 3) * ee ; : 
the low address is 21H and high address is 32H. Then, { fee ee 
the content in address 3221H should be 32. Any time eeiiticn, “Cannot open output file.\n"); 
the input value is larger than the stored value, a strobe } gs 
signal will latch the new value into the register. Thus, for (number=0; number <65536; number + +) 
the register’s output will be the highest input value high | ie fiabex/256. 
since the last reset. The circuit can be reset by setting cy rapa high _byte*256; 
. #3... : —s e>low byte 
RESET to low, which clears the register. Listing l’s feameMhigh bite, 1, 1; strears); 
program, which you can also download using EDN’s else fwrite(&low_byte, 1, 1, stream); 
_ BBS, helps to prepare the binary data for the EPROM. oi, 


EDN BBS /DI_SIG #1130 EDN return 0; 
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Fig 1—Incoming data bits D, to D, drive the lower 8 bits of a 64k x 8 EPROM, and the latched output of the EPROM drives the higher 
bits. With the EPROM programmed so that its output equals the higher value of two 8-bit addresses, the register’s output will be 
equal to the highest value input since the last reset pulse. 
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Digital delay line adds windows 


Larry Decker, Cincinnati Microwave Inc, Cincinnati, OH 


When it’s necessary to compare a signal with an event 
that occurred at some earlier predetermined time, a 
shift register can function as a digital delay line. The 
desired resolution (or quantization) determines the 
number of register buckets. Because the input signal 
is usually a digitized analog signal, such as a recovered 
- radar pulse or a biomedical parameter (eg, heartbeat 
or respiration rate), the input will not be perfectly 
synchronized with the register’s clock. Therefore, a 
signal could be teetering on the edge of a bucket’s 
quantization time. If this occurs, the probability of de- 
tection is seriously degraded. In addition, the signal 
may have some natural dither associated with it, such 
as the interval of a heart beat. In this case, each bucket 
may have a large hole at its beginning and end. The 
signal will go undetected because in one period it ap- 
pears in bucket n and the next signal is in n-1 
or n+ 1. 

One quick solution to this problem is to add a window 
by ORing the desired bucket’s output with the one 
before and the one after. An immediate consequence 


NOTE: IC, TO IC4=4013 
Fig 1—This circuit adds a window to a digital delay line. 
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is that the resolution of the delay line is now cut to 
one third of its previous value. Thus, regaining that 
resolution requires you to use three times as many 
buckets. Also, the window now has a fixed value of 
three times the quantization time. Another possibility 
is to stretch the input so it is two buckets wide, but 
this too requires twice as many buckets as before, and 
the window is two times the quantization time. 

The circuit in Fig 1 presents an alternative window- 
ing scheme. Shift register IC; has enough resolution 
to account for the signal plus the window size. The 
number of buckets will be Ng. IC,’s actual length is 
N,—1. The amount of dither the signal may have and 
still be valid determines the window size. The minimum 
clock frequency, CLK,, gives the proper delay time, 
tieay: CLKy=Ng/taa,y Hz. The required window size 
determines the maximum clock frequency, which is a 
binary multiple of CLK,. If the dither time is tyi,,.,, 
then CLK is less than or equal to 1/tgitn..- 

The circuit adds a stage of shift register after IC, 
for each intermediate clock frequency up to and includ- 
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. 0.5 TO 2000MHz from $1379 ccm 


Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package...that’s Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
oc board area as a TO-8 and can take tougher punishment with leads that won't break 

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
2000 MHz, NF as low as 2.8aB, gain to 28dB, isolation greater than 40dB, and power 
output as high as +15dBm. Prices start at only $13.95 including screening, 

thermal shock -55°C to +100°C, fine and gross leak, and burn-in for 96 hours at 
100°C under normal operating voltage and current. 

Internally the MAN amplifiers consist of two stages, including coupling capacitors. 

A designer’s delight, with all components self-contained. Just connect to a dc 

Supply voltage and you are ready to go. 
The new MAN-ampilifiers series... 

e wide bandwidth « low noise « high gain 
e high output power « high isolation 


FREQ. 

RANGE GAIN MAX NF ISOL. “= BC. — PRICE 
(MHz) dB PWRt dB dB PWR $ea. 

MODEL f,tofy min flattt dBm (typ) (typ) V/ma_ (10-24) 
MAN-1 0.5-500 28 1.0 +8 45 40 12/60 13.95 
MAN-2 0.5-1000 18 4:5 a7 6.0 34 12/85 15.95 
MAN-1LN 0.5-500 28 1.0 +8 2.8 39 12/60 15.95 
OMAN-1HLN 10-500 10 0.8 +15 3.f 14 12/70 15.95 
MAN-1AD 5-500 16 05 +6 Le 41 12/85 24.95 
MAN-2AD 2-1000 9 0.4 -2 6.5 28 15/22 22.50 
MAN-11AD  2-2000 8 0.5 -3.5 6.5 Ze 15/22 29.95 


+tMidband 10f, to fy/2, 40.5dB +1dB Gain Compression Case Height 0.3 in. 
Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max. 


Free...48-pg “RF/MW Amplifier Handbook” with specs, curves, handy selector chart, 
glossary of modern amplifier terms, and a practical Question and Answer section. 


finding new ways... 
setting higher standards 


CJ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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ing CLK. Each stage’s clock will be twice as great as 
the stage before, until the stage’s clock reaches the 
CLK frequency. The first stage that runs at CLK fre- 
quency will be the —tait,., bucket. The circuit adds two 
more stages running at CLK to produce the middle 
bucket and the +tzaitn.. bucket. ORing together the 
last three stages (all those running at CLK) will give 
the required Caelay = Caither- 

If the buckets use positive-edge clock inputs, a down 
counter, such as IC,, is necessary to generate all the 
clocks. If you use negative-edge clocked buckets, then 
you'll require an up counter. These counters produce 

clocks that have the proper phase relationships. In the 


figure, [C,,’s latch holds the input until the shift regis- 
ter is ready to receive it. IC, and IC, are the stages 
that provide the windowing transformations. The cir- 
cuit ORs the proper outputs via IC,, and compares the 
delayed signal with the real-time signal via IC,,. IC,, 
stretches the output pulse and synchronizes its trailing 
edge with CLK,. IC, provides the additional two clock 
frequencies in proper phase for the positive-edge 4013s. 
The signal RESET initializes the circuit at startup. 
EDN BBS /DI_SIG #1128 EDN, 
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Controller keeps temperature within +0.5°C 


James L Engle, Institute for Cancer Research, Philadelphia, PA 


The circuit in Fig 1 isn’t as precise as a good ovenized 
temperature control, but it will hold the temperature 
within +0.5°C in a normal room. Q, and its load serve 
as a heat source. The thermistor senses the resultant 
temperature and feeds a correction voltage back to Q. 
via Q;. The circuit to be stabilized, which for this design 
is a voltage-controlled oscillator having a range of 
+ 10%, is located near the thermistor, and the whole 
assembly is mounted on a small 1-mm-thick copper 
plate to provide quick reaction and prevent thermal 
oscillation. The components are soldered to push-in 
terminals. 


Q, is a power MOSFET. This component’s 4V thresh- - 


old gate voltage is uncomfortably close to the 5V sup- 
ply. A MOSFET with a 8V threshold would be better. 
An on-board regulator provides the 5V supply. The 
set temperature depends on the circuitry at Q,’s gate, 
including the threshold voltage of the gate. With the 
components used, regulation occurs at 40°C (104°F). 


The thermistor, a Fenwal bead having a negative tem- 


perature coefficient, is glued to the copper plate. At 
room temperature, it has a resistance of 1 kQ. The 
copper plate lies on a copper-clad ground plane with 
other circuitry. The cladding is milled off around the 
border of the copper plate, except for a few soldered 
ground points. 

Without using this temperature control, the oscilla- 
tor frequency slowly decreases by 300 ppm, but if you 
use the temperature control, the frequency decreases 
by only 20 ppm (and the temperature increases by 
0.5°C). The highest power dissipation is about 10W, 
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1-mm COPPER PLATE 
5V 15V 


20 
5W WITH 
HEAT SINK 


Qe 
MTP 10N05 
AV HEAT SINK 


Q; 
MPF960 


Fig 1—To hold the temperature of the stabilized circuit within 
+0.5°C, this circuit senses the temperature using a thermistor 
that feeds a correction voltage to Q, via Q,. 


which occurs at turn-on when Q.’s collector is shorted 
to ground. The 5W resistor does not have time to heat 
up to harmful levels. After the temperature has stabi- 
lized, the dissipation is much lower and depends on 
ambient temperature, heat conduction, and heat radia- 
tion from the copper plate. EDN BBS /DI_SIG #1131 

EDN 
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- Workstations and The Design Center. 
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with MicroSim’s popular PSpice simulator for five years. Now, analog response is calculated with the usual accuracy of PSpice. 
that power, performance, and much more are available with the Features such as analog behavioral modeling, Monte Carlo 
Design Center — the universal design environment. analysis, and digital worst case timing are standard. You can add 

The Design Center capabilities are masterfully integrated to your own models, or create new versions of our models. 
simplify your circuit design projects from conception through All this adds up to serious performance. The Design Center is 
verification. It is cost effective, robust, easy to install and use. powerful because it is an integrated design environment. MicroSim 
The SPICE algorithms have been enhanced for rapid and pioneered the use of sophisticated CAE tools on desktop computers. 
accurate answers. We remain the most successful vendor in this market, with over 

The OpenWindows schematic capture program serves as the 15,000 production programs in use — for designs from DC through 
starting point for your design process. The graphical waveform microwave frequencies, and power supplies to integrated circuits. 
analyzer provides a straightforward, interactive mechanism for For further information on using the Design Center to harness 
evaluating your analog and digital simulation results. The PSpice the power of your workstations, call toll free (800) 245-3022 or 
mixed analog/digital simulator has no performance compromises; FAX at,(714) 455-0554. 


‘ef MicroSim Corporation 


20 Fairbanks « Irvine, CA 92718 


PSpice is a registered trademark of MicroSim Corporation 
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Software usurps hardware motor controller 


Hans-Herbert Kirste, Sensycon GmbH, Hannover, Germany 
Listing 1—Two-phase stepper-motor 


Driver ICs such as the 3717A full-bridge step- drive routines 


! 


Meee per-motor driver can control 2-phase stepper 
Qe motors. To control the coils of the motor, the 





STEP_ROUTINE © SEGMENT CODE 


driver requires two signals, PA and PB. These signals “ 1 SEG STEP_ROUTINE 
control the direction of the current in the motor wind- a yes Veg 
ings. Fig 1 presents one method to generate the PA Pe EDK Sth : phase B= PI. 


and PB signals. The simple circuit uses the T4HC86 | LISTING 1 routines to drive 2-phase stepper motor with 3717A 
gates to change the rotation direction of the motor, : 
and the 74HC74 to generate the proper timing of the 


PA and PB signals B00 A230 i : get the status of PA 
: Soe : 0002 9266 21 \ — ace.0, ae : 
By using a microcontroller that can use its I/O pins anes A291 2 : : get status of PE 
as inputs and outputs simultaneously, such as the ae verse. lakes 
. ° . (6 ; : 15 new status for PA 
80C51 family, you can replace Fig 1 with software. 0003 AZco 25 | c,ace.2 «get old status of PA 
. F 0008 F593 : :isn 
PA and PB connect directly to two I/O pins of the eo a ole is new status for PB 
controller. Listing 1, which you can directly download ; 
using the EDN BBS (617-558-4241 ,300/1200/2400,8,N,1,) 
includes the routines for stepping the motor in both Ores ‘i mili tats of 8 
3 Z “Us : $ave i 
directions. EDN BBS /DI_SIG #1055 EDN) 0012 A230 33 PA eet slalassot 
0014 83 34 : reverse status 
0015 929: n0U ic : is new status for PB 
0017 A2E0 : ¢,acc. : get old status of PE 
> e = 0013 FSS¢ 3? : : is new status for PA 
To Vote For This Design, Circle No. 745 0018 22 









CLOCKWISE/ 


o O TO PHASE PIN OF 3717A 
COUNTERCLOCKWISE 


— -74HC74 






STEP 


O TO PHASE PIN OF 3717A 


Fig 1—This circuit generates direction and timing signals for the 3717A full-bridge stepper-motor driver. 
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Ground acts as thermocouple reference 


Adolfo Garcia, Analog Devices, Santa Clara, CA 


The simple circuit in Fig 1 accomplishes two objectives: 
accurate and linear amplification of very low thermo- 
couple output voltages, and the use of the signal- 
conditioning amplifier’s ground as the thermocouple’s 
reference. 

The calibration procedure requires only two simple 
steps. After an initial 5- to 10-minute warmup period 
to allow the resistors, the REF-01, the AD592CN, and 
the OP-177A to stabilize, place the thermocouple in 
an ice bath and adjust R, so that Vour equals OV. 
Next, place the thermocouple in a hot environment 
within its temperature range and adjust R, for the 
correct Voy; Another option is to apply a voltage that 
is representative of a known hot environment in place 
of the thermocouple. The first step of the calibration 
procedure accounts for the initial offsets in the ampli- 
fier, the temperature sensor, and the resistors. The 


COLD-JUNCTION 
COMPENSATION 


THERMOCOUPLE 


ISOTHERMAL BLOCK 
AD592CN 





second step corrects the gain, or span, of the 
thermocouple amplifier. 

Once calibrated, the major sources of error in the 
design are the nonlinearity of the thermocouple and 
the drift characteristics of the op amp, the resistors, 
the REF-01, and the AD592CN. A worst-case analysis 
of the thermocouple amplifier indicated that with 1%, 
low-drift resistors, the maximum error due to compo- 
nent drifts was under +1°C over the —25 to 105°C 
operating range. The analysis indicated that the resis- 
tor temperature coefficients and the matching of resis- 
tor temperature coefficients were the largest sources 
of errors, assuming perfectly linear thermocouples. 
EDN BBS /DI_SIG #1116 EDN 
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Vout 
¢ ‘ 
10 mV/C 


Fig 1—This cold-junction compensated thermocouple amplifier takes its reference from ground. 





Optoisolator maximizes op amp’s range 


John Guy, Analog Devices, Santa Clara, CA 


The technique of using coupling capacitors to get bipo- 
lar outputs from a single-supply amplifier is limited 
because it doesn’t provide a response down to de. The 
circuit in Fig 1 instead uses low-cost parts to provide 
operation at de and down to 1.5V, an input voltage 
range which goes below ground, and full output swings 
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to —500 mV. The circuit is useful for buffering low- 
level, high-impedance, ground-referenced transducers 
such as moving-coil microphones and piezoelectric sensors. 

The key to using the amplifier’s full input range is 
the optoisolator, the 4N25, attached to the base of the 
amplifier. The LED current is set to 4 mA, and light 
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Fig 1—Without using capacitors, this circuit takes advantage of 
a single-supply op amp’s range by operating with supply voltages 
as low as 1.5V and is useful for buffering low-level, high- 
impedance ground-referenced transducers. 
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from the LED energizes the base-collector junction, 
yielding Vpc of —500 mV under no-load conditions. 
Output impedance is very high at 8.5 MQ. Because the 
total supply current for this amplifier is only 20 pA, 
the output stage operates in class-A mode, yielding low 
total harmonic distortion. 

The input and the output of the op amp must be 
capable of going below ground. The input of the OP-90 
op amp can go down to —300 mV. The circuit’s total 
supply current is 4 mA, primarily due to the LED. 
Lowering the LED current to 2 mA reduces dissipation 
but also reduces both negative output voltage, Vo, 
and output drive capability (see table in Fig 1). The 
circuit will work not only with the 4N25 shown, but 
also with almost any optoisolator that uses a bipolar- 
transistor detection device. Note that the circuit uses 
the optoisolator’s collector, not its emitter. Although 
the emitter also generates a negative voltage, its low 
breakdown voltage—approximately 7.5V—with re- 
spect to the base makes it unsuitable for higher-voltage 
operation. EDN BBS /DI_SIG #1113 EDN! 


To Vote For This Design, Circle No. 747 


Low-dropout charger works from battery 


Isaac Eng, University of Ottawa (ESTCO), Ottawa, Ontario, Canada 


The battery charger in Fig 1 provides a 100-mA con- 
stant-current charge with a 0.2V dropout voltage. At 
higher currents, the dropout increases slightly (3.2 mV/ 
100 mA). 

IC,, an LM10, contains an op amp and an internally 
trimmed 0.2V reference. The op amp, IC,,, buffers 
the reference. IC,;, applies negative feedback to Q,’s 
gate to maintain constant current flow from drain to 
source by maintaining a constant voltage at Q,’s source. 
Select R, to achieve your desired current flow. Choose 
Q, for low ON resistance. The de supply must be 
greater than 4.2V to develop sufficient gate bias for 
Q,. You can reduce the dropout voltage further by 
dividing Vpry. EDN BBS /DI_SIG #1069 EDN) 
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Fig 1—This battery charger has a 0.2V dropout voltage. 
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Cascode circuit works from 1V supply 


lan M Wiles, IPR Technology, Basingstoke, Hants, UK 


Cascode circuits are often used in RF amplifiers be- 
cause of these circuits’ excellent gain and reverse- 
isolation performance. One drawback of the conven- 
tional cascode circuit in Fig la is that it requires a 
supply of 3V or more to stabilize the current in the 
transistor pair. R, and R, fulfill this function. You 
should set the collector voltages at about 0.8V and 
calculate R, and R, accordingly, bearing in mind the 
characteristics of the transistor chosen for the job. 
One way to avoid this requirement is to provide a 
de block between the two transistors and supply cur- 
rent to each transistor separately, while retaining the 
same RF circuit. In Fig 1b, C, is the de blocking capaci- 
tor, R, and R, set the current in the common-emitter 
transistor, and R, sets the current in the common-base 
transistor (I[=0.4/R;). One advantage of this circuit, 
aside from the low supply voltage, is the fact that the 
common-emitter-stage and common-base-stage cur- 


VsupPLy 


aa RF OUTPUT 


R; 


RF INPUT os 


(a) 





rents may be different, thus allowing both transistors 
to operate under optimum conditions. 

The value of C, should be high enough to present 
negligible impedance when compared with the com- 
mon-base input, which is usually about 500. The tank 
circuit component values will depend on the application 
frequency. 

Although cascode circuits are generally used for RF 
circuits (10 to 1000 MHz), there is no reason why you 
shouldn’t use this circuit for other frequency bands 
such as audio. Using this circuit, a supply voltage of 
less than 1V is adequate to ensure constant currents, 
despite varying transistor characteristics. The circuit’s 
RF performance is not affected by these altered biasing 
arrangements. EDN BBS /DI_SIG #1129 EDN. 
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Bia RF OUTPUT 


Vsuppty=1V 9 


RF INPUT 


Fig 1—Capacitor C, provides a de block between two transistors in (b) but retains the same RF circuit as in (a) to allow the circuit to 


operate from a 1V supply. 


Quad DAC controls state-variable filter 


Joe Buxton, Analog Devices Inc, Santa Clara, CA 


The circuit in Fig 1 uses DACs to control accurately 
the cutoff frequency, Q, and gain of a 2-pole state- 
variable filter. A state-variable filter’s pole frequency 


is generally set by the RC combination of the individual 


integrator stages according to the equation 


F. sass 1/27 RC. 
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Adjusting either the resistor or capacitor sets the fre- 
quency. Previous digital-control methods replaced the 
resistor with a DAC and relied on the DAC’s changing 
internal resistance to vary the frequency. Although 
this method works, the absolute value of the DAC’s 
internal resistance can vary as much as +50% from 
device to device, translating into a +50% error in the 
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cutoff frequency. These large variations make mass 
production not feasible. Hand selecting the capacitors 
or screening the DAC resistances is time consuming 
and costly. 

The method in Fig 1 eliminates the dependence on 
DAC resistance tolerance. This circuit exploits the in- 
herent accuracy of the DAC by operating it in a stan- 
dard voltage-output multiplying configuration. Adjust- 
ing DAC IC,, changes the signal amplitude across R. 
Thus, the DAC’s attenuation multiplied by R, deter- 
mines the amount of signal current that charges the 
integrating capacitor, C,. For example, increasing the 
attenuation lowers this current by decreasing the 
amount of signal across R,. This frequency control is 
accurate within the resolution of the DAC and follows 
the equation for F’, given in the figure. Note that both 
DACs IC,, and IC,p, should have the same digital code 
and that R,=K, and C,=C. 

Using the equation for F, in the figure, with 
R, =R,=2 kO and C,=C,=1000 pF, the filter’s maxi- 
mum cutoff frequency is 80 kHz. This maximum occurs 
when both IC,, and IC,p are at full scale. Using the 
equation, the 1-LSB case sets the minimum frequency 
at 1/256 of the maximum, or approximately 310 Hz. 
Network-analyzer plots closely agree with both of 


D,=DIGITAL CODE FOR IC;, AND ICip 
Do=DIGITAL CODE FOR ICic 
D3=DIGITAL CODE FOR ICip 


these values. Setting all the DAC bits to zero is the 
one prohibited case. This condition breaks the feedback 
loop and causes the op-amp outputs to swing to the 
power-supply rails. 

The Q control adjusts the amount of signal at the 
bandpass node that the circuit feeds back to the input- 
summing node. Adjusting the attenuation of IC,; 
changes the Q. As with the frequency control, this 
adjustment does not rely on the absolute value of the 
DAC’s ladder resistance, but rather on the internal 
resistance ratios. Adjusting IC,, changes only the Q, 
as per the second equation in Fig 1. Lastly, adjusting 
IC,p changes the filter’s gain according to the gain 
equation in Fig 1, which is the normal operating condi- 
tion for a DAC. 

Bandwidth and loop stability are important consid- 
erations for state-variable filters. Too much phase shift 
in the feedback loop, caused by the multiple op amps, 
may result in oscillations. Stability is even more impor- 
tant when including the DACs because they add phase 
shift. For the DAC-8408, as for most CMOS DACs, 
the internal ladder resistance, in combination with 
parasitic capacitances, limits the bandwidth to approxi- 
mately 500 kHz. Also, the full-power bandwidth of the 
circuit further limits the frequency for large-level input 


LOWPASS 
OU 


O BANDPASS 





Fig 1—Because this digitally programmable state-variable filter does not depend on the absolute DAC internal resistance, its pole 


frequencies are highly predictable and easy to control. 
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FOR THOSE WHO THINK SOMETHING 
HAS TO BE BIG TO BE POWERFUL. 
CHEW ON THIS. 








, Small and powerful. These three little words are giving Omron a big 
name among relay users. That’s because Omron’s advanced family of high-tech low-signal 
and RF relays have been designed for higher board densities and lower power consumption 
without sacrificing high performance specifications. Omron’s G6N, for example, meets the 
new telecom industry surge withstand requirement of 2.5 kV (nearly double the previous stan- 
dard) in a package almost half the size. And the new surface-mountable G6H provides supe- 
nior performance in a low profile design to eliminate I.R. shadowing. These and other Omron 
low Signal relays provide cost- effective solutions for advanced 
PC board applications. When you need a small relay that can 


take a bite out of the big jobs, om RON. call us at 1-800-62-OMRON for 


more information about our WE HAVE THE FUTURE IN GONTROL. full line of control components. 
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$100 Cash Award for all entries selected by editors. An additional 
$100 Cash Award for the winning design of each issue, deter- 
mined by vote of readers. Additional $1500 Cash Award for an- 
nual Grand Prize Design, selected among biweekly winners by 
vote of editors. 
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In submitting my entry, | agree to abide by the rules 
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is entitled ‘Miniature power supply works off line,’ sub- 
mitted by David A Johnson of David Johnson and 
Associates (Littleton, CO). 


Your vote determines this issue’s winner. All 
designs published win $100 cash. All issue winners receive 


an additional $100 and become eligible for the annual 
$1500 Grand Prize. Vote now, by circling the ap- 
propriate number on the reader inquiry card. 
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signals, due to the effects of charging the feedback 
capacitors. The maximum frequency of the filter should 
be kept below 100 kHz to ensure stability with 20V 
p-p inputs. Using the values in Fig 1, the maximum 
frequency is 80 kHz, and the circuit is stable. 

Another important frequency consideration is ac 
feedthrough. A network analyzer plot indicates that 
for the minimum cutoff frequency, the input signal be- 
gins to feed through around 40 kHz. Again, this is a 
function of the internal parasitic capacitance of the 
DAC-8408. At 100 kHz, the feedthrough is —75 dB, 
and it rises at 20 dB per decade as the frequency 
increases. This rise continues until it reaches the OP- 
470’s 6-MHz bandwidth. 

As the digital codes change, the filter’s relative re- 
sponse is highly predictable within the bit resolution 
of the DAC. The absolute-cutoff-frequency accuracy 
relies mainly on the tolerance of R, and C, (and R,, 
C.), which is easy to control in a production environ- 
ment. To achieve 8-bit absolute accuracy, the compo- 
nent tolerances need to be better than 0.4%. However, 
if absolute accuracy is not critical, then lower toler- 
ances are acceptable. Thin-film resistor networks can 
be useful for matching and accuracy. Once R, and C, 
are fixed, the DAC’s integral nonlinearity and differen- 
tial nonlinearity will be the main cause of error in 
setting the filter’s response. The accuracy is not limited 
to 8 bits. Using a 12-bit or higher multiplying DAC 
increases the precision and frequency-control range. 
EDN BBS /DI_SIG #1127 EDN 
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Fees) This icon identifies those Design Ideas that 
Meas have computer-readable material posted on 
Whe FUN’s bulletin-board system (BBS). Call our 
free BBS at (617) 558-4241 (3800/1200/2400/9600 8,N,1). 
Not every Design Idea has downloadable material, but 
each one does have a BBS number printed at the end 
of it. Once you get into the system, you can use that 
number to find more information on a particular idea. 
If you’d like to comment on any Design Idea, include 
the number in the subject field of your message. 
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400 MOPS FOR 6U VMEbus SYSTEMS 


This 6U VMEbus board performs 400 million operations per 
second and is optimized for frequency domain processing such 
as FFTs and finite impulse response (FIR) filters using fast 
convolution. The FDaP features a private 32-bit, 20 MHz high- 
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THE DaSP/PaC CHIPSET: 


The heart of the world's fastest DSP product family 

The Digital array Signal Processor (DaSP) executes 16 high-level 
instructions, including FFT butterflies, windowing, complex multiplies, 
and general-purpose functions. The Programmable array Controller 
(PaC) manages the entire system, including address generation for 
the DaSP and memory, and I/O up to 80 MHz. Using a single chipset, 
for example, a 1024 point FFT requires only 12 instructions and can 
execute in only 131 usec; a complex FIR filter, using 28 instructions, 
processes at a 2.3 MHz rate. For even higher performance, you can 
cascade the chipset. Both utilize a 144-pin PGA format and are 
available in 30 and 40 MHz versions. To receive complete technical 
information, call array Microsystems’ Hotline: 719-540-7999. 
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PC-FDaP PERFORMS 250 MOPS! 


The a66550 Frequency Domain array Processor (FDaP) brings 
high performance FFT processing to any PC-AT compatible com- 
puter. The two board set will fit into two full size PC-AT slots, operate 
on the 16 bit PC-AT (ISA) bus, and allow real or complex input from 
either the high speed connectors on the back panel or from the PC- 
AT bus. The FDaP accommodates an optional complex |-and-Q to 
magnitude-and-phase converter for post-FFT processing. Available 
intwo memory configurations, the a66550 handles complex FFTs up 
to 32K points and real FFTs up to 64K points. The a66550 can com- 
pute a 1024 point complex FFT injust 210 us. For complete technical 
information, call array Microsystems’ Hotline: 719-540-7999. 


speed data I/O bus and extensive double buffering for continu- 
ous processing of real-time data. An additional 32-bit complex 
output provides phase/magnitude data. The a66540 is avail- 
able in 25 MHz and 40 MHz versions. A single 40 MHz version 
can execute a 1K point FFT in 132.7 us and a 64K point FFT in 
13.1 ms. These times are nearly halved for real input. Multiple 
FDaPs can be cascaded to achieve almost linear improvement 
in FFT performance. Plug 400 MOPs into your system by 
calling array Microsystems’ Hotline: 719-540-7999. 





1K FFT/126ys 


DSP engine for the 16-bit PC-AT Industry 
Standard Architecture (ISA) bus 


Performance Benchmarks 
_ FFT size 
64 Real 
64 Complex 
1024 Real 
1024 Complex 
82K Real 
82K Complex 10.49 ms 
64K Real 15.73 ms 
64K Complex N/A 


a66550/32K @25MHz 
7.2 us 

10.9 us 

125.9 us 

209.9 us 

5.90 ms 





CORNERTURN PROVIDES QUANTUM LEAP 
IN 2D IMAGE PROCESSING PERFORMANCE 


The a66545 Cornerturn™ board, used in conjunction with the 
a66540 FDaP board for real-time two-dimensional image 
processing, is the first capable of processing an entire 256 x 256 
pixel frame of image data in 15.2 milliseconds. This equates to 
a continuous, real time rate of 65 frames per second. For 512 
x 512 images, the board set transforms images in 71 millisec- 
onds, or 14 frames per second. Designed for medical imaging, 
radar, sonar, machine vision, and other real-time 2D image 
processing applications, the board set features performance of 
400 MOPS at a clock rate of up to 40 MHz. The Cornerturn 
accepts 32-bit complex I/O data through 10 MHz double- 
buffered external I/O connectors or through the VMEbus and 
stores it in one of four on-board frame store memory buffers. 
For technical assistance, call array Microsystems’ Hotline: 
719-540-7999. 


1K FFT/79.6p1s 
DSP engine for industry-standard VMEbus 
'erfo ance Benchmarks 
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SOFTWARE DEVELOPMENT TOOLS LAST 
LINK IN COMPLETE SYSTEM SOLUTION 


@ Oy, //, hi ft 
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: 0.91 ms 
1.82 ms 
1.82 ms 
3.64 ms 


S 3.69 ms 
6.56 ms 


arrayso’t,,, a complete DSP software development system 
supporting array Microsystems’ a66 Family of Products, pro- 
vides a menu driven user interface allowing easy access to a 
suite of powerful developmenttools at the click of amouse. This 
development system features a DaSP/PaC code generator, 
assembler, disassembler, window generator, full DaSP/PaC 
program control, on-screen display of data, and board-level 
diagnostics. For technical information or original program 
assistance, call array Microsystems’ Hotline: 719-540-7999. 


do Springs, CO 80906 
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Designing it, however, took Maxtor engineers took full disk drive in the business. 
slightly longer. advantage of the experience It's just one more example 

The key was simplicity. that comes from producing of the “New Drive at Maxtor’ 
Getting the design down toas more than 3 million 7000 A very serious commitment 
few parts as possible. That's series drives at our world class _ to customer satisfaction. Un- 


where our engineers really manufacturing facilities. equalled service and support. 
outdid themselves. The end result? A disk drive And visionary product design. 

You see, it takes only a that’s easier to manufacture The Maxtor 7213. It drives 
handful of parts to produce in high volumes. And with a hard bargain. For more infor- 
our new 7213. Far fewerthan greater reliability and lower mation, take a few seconds to 
any other drive in its class. production costs. call 1-800-2-MAXTOR. 


But it also takes something And that’s great news for ® 
else. Experience. you. The Maxtor 7213 is simply 


In designing the 7215, the lowest cost 200 MB class There’s a new drive at Maxtor. 
CIRCLE N O. 121 Maxtor Corporation, 211 River Oaks Parkway, San Jose, CA 95134 








How long did it take us to 
produce the lowest cost 200MB 
disk drive? About 8 seconds. 
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DC/DC converters. MF LHP Series dc/ 
de converters provide as much as 100W 
of output power and come in a 
2.5X1.5x0.38-in. case. The units’ 
power density equals 70W/in’. The units 
employ PWM techniques and feature a 
—55 to +85°C operating range. The 
converters accept inputs of 19 to 40V—a 
range that complies with the conditions 
defined by MIL-STD-704. The series in- 
cludes single- and dual-output models 
with levels of 5, 12, 15, +12, and +15V; 
operating efficiencies range to 84%. 
$699 (100). Interpoint Corp, Box 97005, 
Redmond, WA 98073. Phone (206) 882- 
3100. FAX (206) 882-1990. Circle No. 358 


Rotary switches. P and P65 Series ro- 
tary switches are fully sealed and offer 
BCD, BCD-complement, hexadecimal, 
and hexadecimal-complement outputs. 
Both lines are available with straight 


or right-angle mounting options. The 


units have a 10,000-operation lifetime 
and contacts rated for 400 mA at 
24 Vde. P101, $1.96; P65101, $1.79 
(1000). MORS/ASC, Box 544, Wake- 
field, MA 01880. Phone (617) 246-1007. 
FAX (617) 245-4531. Circle No. 359 


VME chassis. This 19-in., EMI-gasket 
VME chassis includes mountings for a 
5/4-in. disk drive as well as a 300W 


power supply. Four fans provide 300 


efm of horizontal cooling; honeycomb 
EMI filters are also standard on the 
chassis. A 5-slot VME backplane also 
is installed in the chassis. From $4995. 
ACT/Technico, 1 Ivybrook Blvd, Suite 
180, Ivyland, PA 18974. Phone (800) 
445-6194; (215) 957-9071. Circe No. 360 


Photoelectric sensor. $18 Series pho- 
toelectric sensors feature diagnostic ca- 
pabilities. Complementary outputs al- 
low one output to be used as an alarm 
when sensing conditions become mar- 
ginal. Retroreflective models use a cor- 
ner-cube reflector to achieve a 2m 
range; opposed mode models use sepa- 
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rate emitter and receiver pairs to 
achieve a sense range of 20m. A diffuse- 
mode model has a 10-cm sensing range. 
$36. Banner Engineering Corp, Box 
9414, Minneapolis, MN 55440. Phone 
(612) 544-3164. Circle No. 361 


Connectors. Switching DIN 96-posi- 
tion connectors feature integral switch- 
ing capability. The switches automati- 
cally jumper the signal path when a 
daughter card is removed from a con- 
nector. By providing a continuous path 
on the backplane, the unit eliminates 
the need for mechanical jumpers, DIP 
switches, relays, or software to achieve 
continuous operating in serial systems. 
The connector can accommodate as 
many as 48 switches. $8 to $25 (1000). 
Delivery, four to six weeks ARO. 
Augat Inc, 425 John Dietsch Blvd, At- 
tleboro Falls, MA 02763. Phone (508) 
699-9800. Circle No. 362 





Infrared detector. The PIRL180-100 
passive infrared detector features a 180° 
field of view. The device contains a se- 
ries of detectors patterned on a ferro- 
electric polymer film. This array is geo- 
metrically formed and integrated with 
a built-in Fresnel lens. The dual-chan- 
nel outputs allow for externally bal- 
anced gain and common mode rejection 
of unwanted signals generated by ambi- 
ent temperature changes, vibration, 
and other noise sources. Detector, $3.96 
(100,000); demonstration board, $99. 
Elf Atochem Sensors Inc, Box 799, 
Valley Forge, PA 19482. Phone (215) 
666-3500. FAX (215) 666-3509. 

Circle No. 363 


Coaxial adapter. Model PE9341 BNC 


male to mini-UHF female coaxial adapt- 
ers operate over a de to 4-GHz range. 
They feature a brass nickel-plated body, 
teflon insulation, and gold-plated con- 
tacts. Operating range spans —65 to 
+165°C. $5.95. Pasternack Enter- 
prises, Box 16759, Irvine, CA 92713. 
Phone (714) 261-1920. FAX (714) 261- 
7451. Circle No. 364 
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Power supplies. CV Series power sup- 
plies come with one to five outputs and 
deliver 300 to 600W of power. Effi- 
ciency equals 80% typ. A power-fail 
monitor, thermal-shutdown monitor, 
TTL-logic inhibit input, and auto- 
ranging circuitry are available as op- 
tions. From $390. Delivery, six to eight 
weeks ARO. Deltron Inc, Box 13869, 
North Wales, PA 19454. Phone (215) 
699-9261. FAX (215) 699-2310. 

Circle No. 365 


Panel meters. Series 96000 panel me- 
ters are available with RTD, thermo- 
couple, voltage, and current inputs. Ac- 
curacies of + 1° are available. The units 
feature a 3 '4-digit LED readout with 
0.56-in.-high characters. Thermocouple 
and RTD units include automatic sensor 
burn-out indication and a built-in analog 
output. $159 (OEM qty). S-Products 
Inc, 35 Kings Hwy E, Fairfield, CT 
06430. Phone (208) 331-9546. FAX (203) 
335-2723. Circle No. 366 


Power supplies. 36M Series supplies 
have a 2000W output capability. Units 
feature as many as nine outputs with 
levels of 2 to 56V and 5 to 300A. All 
models conform with UL, FCC, CSA, 
EN, and VDE safety and EMI require- 
ments. $1622 for a 4-output model. 
Qualidyne Systems Inc, 3055 Del Sol 
Blvd, San Diego, CA 92154. Phone (619) 
575-1100. FAX (619) 429-1011. 

Circle No. 367 





DIP switches. GDS Series DIP 
switches measure 0.102 x 0.244 in.. The 
units feature flush slide actuators, are 
end-to-end and side-by-side stackable, 
and come with 0.25-ym-thick gold- 
plated contacts. The switches employ 
a corner notch, which eases tape re- 
moval. Utilizing kapton tape and high- 
temperature polymer housings, the 
switches are process compatible with 
reflow soldering temperatures as high 
as 260°C. The devices are available in 
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2-, 4-, 6-, 8-, and 10-position models and 
have gull-wing or J-lead surface-mount 
terminations. $0.80 (10,000) for an 8- 
position model. Delivery, stock to 12 
weeks ARO. Augat Inc, Box 779, Attle- 
boro, MA 02703. Phone (508) 222-2202. 
FAX (508) 222-0693. Circle No. 368 


Prototype cards. EISA prototype 
cards come with power and ground sig- 
nals routed and distributed throughout 
the board. The plated-through holes are 
on 0.1-in. centers, and the boards have 
provision for installing electrolytic and 
bypass capacitors. Prototype card, $35; 
EISA extender card, $65. Advanced 
Microcomputer Systems Inc, 1321 NW 
65th Pl, Fort Lauderdale, FL 33309. 
Phone (305) 975-9515. FAX (305) 975- 
9698. Circle No. 369 


Connectors. ODU-Bus connectors are 
available with as many as 180 contacts 
spaced on 0.050-in. centers. Models are 
designed for straight or right-angle 
mounting. The connectors can be or- 
dered with a mix of power and signal 
contacts. Contact rating equals 1A for 
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signal and 3A for power. $0.10 per 
mated contact (1000). ODU USA, 4620 
Calle Quetzal, Camarillo, CA 93012. 
Phone (805) 484-0981. FAX (805) 484- 
7458. Circle No. 370 





Pressure sensors. MPX7100 and 
MPX7200 series sensors incorporate a 
high-impedance input for portable low- 
power and battery-operated applica- 
tions. The devices include on-chip tem- 
perature compensation and calibration 
circuitry. Both lines operate over a 0 
to 85°C range. MPX7100 sensors have 
a Q- to 15-psi differential-pressure capa- 





















































































































































































































































































































































Instrumentation 


bility; MPX7200 units have a 0- to 30-psi 
differential-measurement capability. 
$11.50 (1000). Delivery 8 to 12 weeks 
ARO. Motorola Inc, MD Z208, 5005 
EK McDowell Rd, Phoenix, AZ 85008. 
Phone (800) 752-3621; (602) 244-4556. 
Circle No. 371 


Power supplies. M Series supplies 
provide a 3500W output. The design 
provides true n+1 configurations of as 
many as 8 units. Standard features in- 
clude overvoltage, overcurrent, and 
overtemperature protection, power-fail 
flag, remote margining, and bidirec- 
tional synchronization signals. $2495. 
OPT Industries Ine, 300 Red School 
Lane, Phillipsburg, NJ 08865. Phone 
(908) 454-2600. FAX (908) 454-3742. 
Circle No. 372 


inverter drives. TF'R 600S is rated for 
0.5 hp continuous, and as high as 0.75 
hp for intermittent duty. The unit oper- 
ates over a 0- to 400-Hz range, accepts 
220V ac single-phase inputs, and has 
adjustable acceleration/deceleration fig- 
ures of 0.2 to 4 sec. RFI filtering is 


You can control a 
lot of power with 
a knife switch. 


The knife switch is a very efficient tool. 
When it's “ON” current flows, but there 

is no voltage drop. When it's “OFF” 
there's voltage, but no current... 
therefore, no loss. Switching power 
supplies work the same way to control 
power with very little loss. The difference, 
of course, is that the venerable knife may 
switch once or twice a minute — our 
modern switchers do it 100,000 times a 
second or more. By controlling the ratio 
of “ON” time to “OFF” you get to control 
the output with high efficiency. 





SINCE 1946 


Switching a-c to d-c 
and d-c to d-c 


and Bench 


Call/fax/ 
write to 
Dept. MTH-12 
for any of our 
catalogs. 





146-1785 


146-1760 





provided at input and output. $295 
(OEM qty). Infranor Inc, 45 Great Hill 
Rd, Naugatuck, CT 06770. Phone (203) 
729-8258. Circle No. 373 


Optical connector. FC II optical con- 
nectors are compatible with existing 
FC/PC connector hardware. The units 
feature a prepolished contact profile 
with a convex spherical radius. Typical 
insertion loss is 0.08 dB, and the typical 
return loss is 48 dB in single-mode ver- 
sions. Single-mode model with a zirco- 
nia ferrule, $11.48 (100). Molex Fiber 
Optic Interconnect Technologies Inc, 
2111 Oxford Rd, Des Plaines, IL 60018. 
Phone (708) 803-3600. Circle No. 374 


Proximity sensor. Type E516P* sen- 
sors are epoxy filled to make them com- 
patible with NEMA Type 8, 4, 4X, 6, 
6P, 11, and 13 service. Models are avail- 
able for top or side sensing applications. 
The units are available in NO or NC 
switch configurations. From. $164. 
Eaton Corp, Cutler-Hammer Products, 
4201 N 27th St, Milwaukee, WI 53216. 
Phone (414) 449-6480. Circle No. 375 





Fiber-optic data links. HF BR-15XX/ 
25XX plastic fiber-optic transmitter and 
receiver pairs handle data rates of 2 to 
50 Mbaud. The units have a transmis- 
sion capability of 15m. Transmitter, 
$6.40; receiver, $10.70 (500). Hewlett- 
Packard Co, 19310 Pruneridge Ave, 
Cupertino, CA 95014. Phone (800) 752- 
0900. Circle No. 376 


Chip carrier sockets. These JEDEC- 
compatible sockets are available in 20-, 
24-, 32-, 68-, and 84-position models. 
The high-temperature insulators are 
compatible with all soldering processes. 
The beryllium copper contacts feature 
tin plating. All sockets are compatible 
with automatic insertion equipment, 
and they can be supplied with or with- 
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out a polarizing locater. $1.15 (100) for 
a 20-position model. Socket Express 
Inc, 100 Jersey Ave, Bldg B-202, New 
Brunswick, NJ 08903. Phone (908) 247- 
9500. FAX (908) 247-9816. Circle No. 377 


Power splitter. The LRPQ-700 2-way 
power splitter operates over 500 to 700 
MHz with 0.2-dB insertion loss. The 
unit features 1° phase unbalance, 0.6-dB 
amplitude unbalance, 23-dB isolation, 
and 1.17:1 VSWR. The unit is rated for 
1W of RF power and operates over a 
—55 to +10°C range. $9.95. Mini- 
Circuits, Box 350166, Brooklyn, NY 
11235. Phone (718) 934-4500. Circle No. 378 


Power supplies. PF500 Series units 
feature power-factor correction as well 
as universal-input capability. The units 
output 375 to 400V de at a maximum 
power level of 500W. Line and load 
regulation equal 2 and 3%, respectively. 
$149 (100). Delivery stock to six weeks 
ARO. Switching Systems Interna- 
tional, 500 Porter Way, Placentia, CA 
92670. Phone (714) 996-0909. FAX (714) 
996-2753. Circle No. 379 


WITCHING POWER SUPPLIES — 


- Standard picteink : : . 
lowp profile PC card* 


‘triple output, 40 & 50W 


1 +12V or +15V with + BV. 
 CUUL/CSA/TUV EN 950. 
| (PCC Class B. 


_ : Kepeo Group MRW Power Suppli 


. “Optional enc = 





High-Speed IEEE-488. 


Put the AT-GPIB to Your Test 


IEEE-488.2 and SCPI 

IEEE-488.2 is the foundation of Standard 
Commands for Programmable Instruments (SCPI) 
and of the new generation of GPIB test systems. 
Our AT-GPIB interface and NI-488.2™ software are 
the tools for putting IEEE-488.2 to work for you. 
The AT-GPIB features the NAT4882™ ASIC, which is 
100% IEEE-488.2 compatible, and the performance- 
enhancing Turbo488® ASIC. Transfer rates of 

| Mbytes/sec and above are possible with this 
powertul chip combination, and test program 
throughput is significantly increased. 


Software 


Our NI-488 software is recognized as a de facto 
industry standard. Our latest generation of 
software, NI-488.2, is compatible with existing 


Benchmark Performance 
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The NAT4882/Turbo488 

technol is also available 

on becede | for the IBM PS/2, 
Macintosh NuBus, IBM RS/6000, 
Sun SPARCstation, and 
DECstation 5000. 


2 Control 


application programs, and adds greater functionality, 
such as IEEE-488.2-specified Controller routines and 
dynamic system configuration. The AT-GPIB is shipped 
with NI-488.2 software for MS-DOS and Windows. 
Software is also available for OS/2 and UNIX. 


To find out how you can put our latest GPIB technology 
to your test, call for a FREE brochure and catalog. 
(512) 794-0100 or (800) 433-3488 (U.S. and Canada). 


Y NATIONAL 
: INSTRUMENTS*° 


The Software is the Instrument ® 


ramen eae eee TTT ETT TNTE ETE TEETER STROSS ET SUE SUTSOTODRTETTINTEDSOOTSETETTSOTETTTS 


6504 Bridge Point Parkway 
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Ethernet network modem. The Lan- 
fast DM20 dual-port modem directly 
connects to an Ethernet LAN and uses 
Novell’s Netware operating system to 
provide remote transparent LAN ac- 
cess. The network modem comes with 
the company’s Lanfast communications 
software, which permits dial-in or dial- 
out access. The modem can also transfer 
Netware IPX packets over ordinary 
phone lines to provide LAN-to-LAN 
communications. The modem conforms 
to V.32bis and V.42bis standards for 
14.4 kbps data transfers. You can con- 
nect a second modem via an RS-232C 
port to provide simultaneous dial-in or 
dial-out access. $1995. UDS Motorola, 
5000 Bradford Dr, Huntsville, AL 
35805. Phone (205) 430-8000. FAX (205) 
430-8208. Circle No. 380 


3'-in. magneto-optical drive. The 
LD-320 provides 128 Mbytes of remov- 
able, rewritable storage for DOS, PS/2, 
and Macintosh computers. The drive 
comes in external and internal subsys- 
tem configurations. The drive has an 
average seek time of less than 45 msec 
and an embedded SCSI port. External 
drive, media, and software $2995. Laser 
Magnetic Storage, 4425 ArrowsWest 
Dr, Colorado Springs, CO 80907. Phone 
(719) 593-7900. FAX (719) 599-8713. 
Circle No. 381 


40-MHz SPARCstation.The PM 5124 
contains a 40-MHz CPU and is binary 
compatible with hardware and software 
supplied by Sun Microsystems. The 
workstation is available in configura- 
tions ranging from a mother board to a 
turnkey desktop system. The worksta- 
tion supports 1024 x 768-pixel monitors 
and has a $2500 graphics accelerator op- 
tion to render 2-D and 3-D models. 
$7205 for diskless workstation with 16 
Mbytes of RAM and a color-frame 
buffer. Opus Systems Inc, 329 N Ber- 
nardo Ave, Mountain View, CA 94043. 
Phone (415) 960-4040. FAX (415) 960- 
4001. Circe No. 382 


Computers & Peripherals 


RISC-based X terminal. The TekXpress 
XP330 Series features a 20-MHz Mips 
R3000 wP and a 40-MHz TI TMS43020 
graphics processor. Each model has 256 
kbytes of ROM and 5 Mbytes of RAM, 
which is expandable to 52 Mbytes. The 
terminals connect to TCP/IP, DECnet, 
LAT, and SLIP networks. Models come 
with 17- or 19-in. displays. $3495 to 
$5995. Tektronix Inc, Box 1000, 
Wilsonville, OR 97070. Phone (800) 225- 
5434; (503) 685-2840. FAX (503) 682- 
4948. Circle No. 383 





Multifunction optical-disk drives.The 
Optipae 7636 and 7656 provide dual 
modes of operation. The units combine 
a magneto-optical (MO) disk drive that 
has 650 Mbytes of storage with either 
a 300- or 500-Mbyte hard-disk drive. 
The drives run Hewlett-Packard com- 
puters having an IEEE-488 port and 
running HP-UX, Basic, Paseal, RTE-A, 
MPE-V, or MPE-XL operating sys- 
tems. The 7636, $9990; 7656, $11,190. 
Bering Industries, 246 E Hacienda 


Ave, Campbell, CA 95008. Phone (800) 


237-4641; (408) 379-6900. FAX (408) 374- 
8309. Circle No. 384 


Scramnet network adapter. Model 
P1600 allows 386- or 486-based comput- 
ers to transfer data at 150 Mbytes/sec 
over the company’s Scramnet fiber- 
optic network. The product consists of 
an ISA bus card and an external enclo- 
sure that houses replicated shared 
memory. The host can access as much 
as 2 Mbytes of replicated shared mem- 
ory in protected mode. $6900 to $9800. 
Systran Corp, 4126 Linden Ave, Day- 
ton, OH 45482. Phone (800) 252-5601; 
(513) 252-5601. FAX (518) 258-2729. 
Circle No. 385 


Laserjet network-interface cards. 
The Etherflex cards automatically con- 
figure a Hewlett-Packard Laserjet 
printer for either Postscript or PCL 
print formats. The cards directly con- 
nect the printer to an Ethernet cable 
and support Novell’s Netware 286/386, 
Netware Lite, and Apple’s Ethertalk 


network operating systems. The cards 
have 10Base-T, 10Base-2, and AUI con- 
nectors. $695 to $795. Extended Sys- 
tems, 6123 N Meeker Ave, Boise, ID 
83704. Phone (800) 235-7576; (406) 587- 
7575. Circle No. 386 


VMEbus DOS-compatible single- 
board computer (SBC). The XVME- 
688 VMEbus SBC runs DOS-compatible 
software. The board features a 25-MHz 
80386SX wP and 0, 1, or 4 Mbytes of 
dynamic RAM (DRAM). Four SIMM 
(single-inline-memory-module) sockets 
let you add as much as 16 Mbytes of 
zero-wait-state DRAM. An on-board 
ISA bus connects to the VMEbus via 
an interface chip that provides slot 1 
functions and bus-master capabilities. 
The ISA bus signals are available to 
add peripherals such as Ethernet and 
SCSI devices. The all-CMOS board op- 
erates from 0 to 65°C. Less than £1000. 
Xycom Europe Ltd, 21 Tenter Rd, 
Moulton Park, Northampton NN3 1AX, 
UK. Phone (604) 790-767. FAX (604) 
790-722. Circle No. 387 


ISA bus graphics board. The Flash- 
XGA modified graphics adapter board 
for the ISA bus has its CRTC chip re- 
placed with an S38 GUI accelerator chip. 
The chip implements bitblt, line draw, 
image transfer, and hardware clipping 
functions. The board employs a bus- 
master coprocessor chip that acceler- 
ates ISA bus transactions using a fly-by 


transfer mode. In this mode, the board 


reads pixel data from system memory 
and writes the data to video memory 
in a single bus cycle. The board has 1 
Mbyte of video RAM and supports non- 
interlaced displays having 1024 x 768 
pixels and 256 simultaneous colors. 
$599. Video Dynamics Inc, 1550 Bry- 
ant St, San Francisco, CA 94103. Phone 
(800) 243-3527; (415) 863-3023. FAX 
(415) 863-2979. Circle No. 388 


VMEbus i960 development system. 
The CVME962 features a 25-MHz i960 
wP, 128 kbytes of static RAM, 8 Mbytes 
of dynamic RAM, 1 Mbyte of flash ROM 
or 4 Mbytes of EPROM, and an 82596 
Ethernet controller. In addition, the 6U 
board has a master/slave VMEbus in- 
terface, two serial ports, a real-time 
clock, and an interrupt controller. The 
board supports Tartan’s i960MC Ada 
development system. $8600. Cyclone 
Microsystems, 25 Science Park, New 
Haven, CT 06511. Phone (203) 786-5536. 
FAX (208) 786-5025. Circle No. 389 
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StarLAN 10 network-adapter units. 
The Lanpacer and Lanpacer+ connect 
an ISA bus computer to a 10Base-T lo- 
cal-area network. The Lanpacer+ pro- 
vides an AUI port and operates on 16- 
and 8-bit buses. The Lanpacer has a 
16-bit onboard architecture but oper- 
ates only on an 8-bit bus. Both cards 
have 16 kbytes of buffer memory. 
Lanpacer+, $399; Lanpacer, $299. 
NCR Corp, Public Relations, Dayton, 
OH 45479. Phone (612) 638-7391; (908) 
221-3909. Circle No. 390 


Passive ISA bus single-board com- 
puter. The SBC386IE is a passive 16-bit 
ISA bus single-board computer with 
EISA bus connectors. The passive ISA 
design provides 21 ground pins com- 
pared with 4 on a standard ISA bus 
board. The board has a 40-MHz Chips 
and Technologies’ Super386 wP. The 
board also has as much as 128 Mbytes 
of RAM, a 128-kbyte cache RAM, a 
shadow RAM, a programmable watch- 
dog timer, and a PS/2-style keyboard. 
$1818. Monolithic Systems Corp, 7050 
S Tucson Way, Englewood, CO 80112. 
Phone (303) 790-7400. Circle No. 391 


Computers & Peripherals 





14-in. color monitor. The ECM 1420 
is a super-VGA color monitor that has 
automatic horizontal-sean rates from 30 
to 40 kHz and vertical-scan rates from 
45 to 90 Hz. The 14-in. monitor has a 
resolution of 1024x768 pixels, a dot 
pitch of 0.28 mm, and a video bandwidth 
of 40 MHz. $795. Electrohome Ltd, 809 
Wellington St N, Kitchener, ON N2G 
4J6, Canada. Phone (519) 744-7111. 
Circle No. 392 


VMEbus-to-HSD link adapter. The 
VMEHSD provides a path between a 
VMEbus system and a 32-bit peripheral 


that employs the Encore High-Speed- 
Data (HSD) protocol. The 6U board pro- 
vides a communications link that is at 
least 5 times faster than Ethernet. A 
1k x 32-bit FIFO buffer is expandable 
to 4k x 32 bits. $6650. Applied Data Sci- 
ences Inc, Box 814209, Dallas, TX 
75381. Phone (214) 243-0113. FAX (214) 
243-0217. Circle No. 393 


3'4-in. hard-disk drive. The ST3243A 
stores 214 Mbytes on a 3.5x 1-in. form 
factor. The drive has an average seek 
time of 16 msec and features a multiseg- 
mented, adaptive 128-kbyte cache 
buffer. The drive operates in DOS- 
compatible computers and includes a 
128-bit error-correction code. $395. 
Seagate Technology, 920 Disc Dr, 
Seotts Valley, CA 95066. Phone (408) 
438-6550. Circle No. 394 


Micro Channel Architecture graph- 
ics controller. The UDC-8000-TI has 
a Type 5 form factor for use in IBM’s 
RISC/6000 and PS/2 Models 90 and 95 
computers. This latest member of the 
Piranha family features a TI TMS34020 


Bonen asta Co” ieeeaae & Be 


If there’s one thing we at Cadence and Sun underst 
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graphics controller and has an option 
for a TMS34082 floating-point unit. The 
board drives displays as large as 
1600 x 1280 x 8 bits and provides 4 bits 
for independent overlay planes. $4695. 
Univision Technologies Inc, 3 Burling- 
ton Woods, Burlington, MA 01803. 
Phone (617) 221-6700. Circle No. 395 


ISA bus motion-control card.The 
PMAC-Lite is a single ISA bus board 
that employs a DSP chip to control as 
many as four axes of motion simultane- 
ously. A 16-bit D/A converter provides 
servo updates at 55 psec/axis. The 
board controls brushless de, ac induc- 
tion, variable reluctance, and stepper 
motors. The board accepts encoder 
rates as fast as 20 MHz and performs 
multiaxis interpolation and synchroni- 
zation. $2499. Delta Tau Data Sys- 
tems, 21119 Osborne St, Canoga Park, 
CA 91304. Phone (818) 998-2095. FAX 
(818) 998-7807. Circle No. 396 


33-MHz 80486 PCXI module. The 
PX1261 is an EISA CPU module for 
PCXI (PC extended for industry) com- 





d, it’s your need to ship product before the next guy. 


Computers & Peripherals 


puters. The module has as much as 64 
Mbytes of RAM and controls six 32-bit 
EISA master slots and nine EISA slave 
slots. The module can transfer data at 
33 Mbyte/sec using DMA burst mode. 
$4995. Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 547- 
8311. FAX (206) 548-0322. TLX 265017. 

Circle No. 397 


VGA-to-NTSC/PAL converter. Model 
701 attaches to a VGA-port connector 
on a Notebook or laptop computer. The 
unit converts VGA signals into NTSC/ 
PAL format for display on a standard 
TV set using an S-video or composite- 
video port. The unit measures 
2X3.5 x 1-in. and operates from a 110V 
60-Hz or 220V 50-Hz wall-mount sup- 
ply. $399. Telebyte Technology Inc, 
270 E Pulaski Rd, Greenlawn, NY 
11740. Phone (800) 835-3298; (516) 423- 
3232. FAX (516) 385-8184. Circle No. 398 


Embedded DOS-compatible com- 
puter module.The Little Board/386SX 
is a 5.75 X 8-in. module that provides all 
the functions of a full-sized 80386SX 


mother board. The 5W module operates 
from a single 5V supply and accommo- 
dates 16 Mbytes of RAM. The module 
has two serial ports, a parallel port, a 
floppy-disk drive controller, and an 
IDE hard-disk drive port. $720 (100). 
Ampro Computers Inc, 990 Almanor 
Ave, Sunnyvale, CA 94086. Phone (408) 
522-2100. FAX (408) 720-1305. 

Circle No. 399 


Operator microterminals.The CTM- 
380 and CTM390 have a 1-line x 24- 
character display that is visible in low- 
light environments. The units have 
either a 51-key alphanumeric keypad or 
a 23-key numeric keypad. The units 
weigh 1.7 lbs and have an ABS plastic 
case that measures 9X5xX1.5 in. The 
CTM880 communicates with a host via 
an RS-282C port; the CTM390 uses an 
RS-422 port. $795 (OEM qty). Burr- 
Brown Corp, Box 11400, Tucson, AZ 
85734. Phone (800) 548-6132; (602) 746- 
1111. FAX (602) 889-1510. TWX 910- 
952-1111. Circle No. 400 





Faster simulation and layout are a good start. But finishing 


first depends on accelerating your entzre design process, 


front to back. 





The Cadence and Sun environment for system design gives 


you more than sheer horsepower. Our software and hardware 


are built together, tested together, and completely integrated. 


So you can focus exclusively on getting where you need to go. 


For your free guide on how to win 
your race to market, call 1-800 283-4080 
ext. 867 in the ULS., or 44-344 360333 
in E 1B hen it 
in Europe. Because when it comes ®@ 


to helping you ship product sooner, 
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CUPL cuts your PLD/FPGA design time in half, 
compared to most other PLD design software. Unlike 
many semiconductor vendor specific tools, CUPL is 
designed as a universal programmable logic 
development system. In over eight years of evolution, 
it has grown with the industry and has been fine 
tuned to the taste of most digital designers. CUPL is a 
tool for engineering productivity. 


CUPL’s benefits far outweigh its cost in saved 
design time. The high level behavioral entry HDL and 
powerful simulator will allow you to design counters 
and sequential circuits in just a few hours. You can 
also save your circuit designs in macros and create 
hierarchical PLD designs. CUPL gives you a choice of 


1201 NW 65th Place 
Ft. Lauderdale, FL 33309 
800 331 7766 / 305 974 0967 / Fax: 305 974 8531 


CIRCLE NO. 125 


CUPL 
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schematic entry tools and you can mix graphics with 
text entry. What's more, you can use CUPL to design 
complex PLDs and FPGAs. Unlike our competitors, 
we don’t force you to spend additional thousands of 
dollars for a separate FPGA tool. 

Finally, you can own CUPL for less than half the 
cost of the competition, and that includes advanced 
synthesis, partitioning and automatic device features, 
running on your choice of platform, MS-DOS, SUN 
or Macintosh. We'll even give you up to $1,000 in 
trade for your ABEL-4° If you'd like to try CUPL, you 
can rent it for up to three months at $49 per month. 
Call us now — (800) 331-7766. 


*The brands or product names mentioned are trademarks or registered trademarks of their 
respective holders. ©1992, Logical Devices, Inc. 
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4:1 video multiplexer. The MPC100 
multiplexer contains four identical 
open-loop buffer amplifiers sharing a 
common output connection. It features 
a large-signal bandwidth of 100 MHz, 
crosstalk of —60 dB at 30 MHz, and 
differential gain and phase errors of 
0.05% and 0.01°, respectively. Second- 
and third-harmonic distortion is —53 
and —67 dBc, respectively. In 14-pin 
DIPs and SOIC packages, from $7.20 
(100). Burr-Brown Corp, Box 11400, 
Tueson, AZ 85734. Phone (800) 548- 
6132. FAX (602) 889-1510. TWX 910- 
952-1111. Circle No. 419 


Microprocessor supervisory cir- 
cuits. Drawing a quiescent current of 
200 pA typ, the MAX705 and MAX706 
reduce the component count and circuit 
complexity for monitor power-supply 
and battery functions in wP systems. 
They provide four key functions: a reset 
output during power-up, power-down, 
and brownout conditions; a watchdog 
timer whose output goes low if its input 
is not toggled within 1.6 seconds; a 
1.25V threshold detector for power-fail 
warning and low-battery detection; and 
an active low manual-reset input. In 8- 
pin DIP and SO packages, $1.02 
(25,000). Maxim Integrated Products, 
120 San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No. 420 


Video ADC. The SP973T8 A/D con- 
verter features 8-bit flash performance 
and needs no S/H circuit. An 8-bit D- 
type latch ensures that the TTL/CMOS- 
compatible outputs are accurately regis- 
tered. The ADC operates from a 5V 
supply and offers conversion rates of 
30 MHz or greater. Input bandwidth 
is 70 MHz. An internal bandgap regula- 
tor ensures low de drift over a wide 
temperature range. The ADC is avail- 
able in an 18-pin surface-mount pack- 
age. $8.31 (1000). GEC Plessey Semi- 
conductor, Box 660017, Scotts Valley, 
CA 95067. Phone (408) 438-2900. 

Circle No. 421 


Integrated Circuits 


Linear active filters. The D70 series 
of fixed-frequency linear, active DIP fil- 
ters combine small size and high per- 
formance. These lowpass filters are 
available in both Bessel and Butter- 
worth configurations in 4-, 6-, and 8- 
pole models. Features include a 100-dB 
S/N ratio, —90-dB distortion, and user- 
specified corner frequencies between 
500 Hz and 50 kHz. From $19 (4-pole 
filters) to $49 (8-pole filters) (10,000). 
Frequency Devices, 25 Locust St, Hav- 
erhill, MA 01830. Phone (508) 374-0761. 
FAX (508) 521-1839. Circle No. 422 


Smart-power IC for car mirror. De- 
signed for use with external rear-view 
mirrors, the L9946 IC drives the two 
motors used for orientation of a car mir- 
ror—the motor that “folds” the mirror 
for maneuvering and the defogging 
heating element. The chip contains four 
DMOS power stages: two 1A and two 
4.75A half-bridge drivers plus a 4.75A 
high-side driver and control logic to 
achieve the desired motion. $3.50 
(25,000). SGS-Thomson, 1000 E Bell 
Rd, Phoenix, AZ 85022. Phone (602) 
867-6100. FAX (602) 867-6290. 

Circle No. 423 





Disk-drive read-channel IC. The 
AD899 incorporates all elements of a 
hard-disk-drive read channel into a sin- 
gle IC. It provides signal conditioning, 
data qualification and synchronization, 
RLL (1,7) data encoding/decoding, and 
write precompensation. To support con- 
stant-density recording, the 5V device 
includes a frequency synthesizer, a pro- 
grammable filter, and a programmable 
center frequency for the data synchro- 
nizer. A servo demodulator enables em- 
bedded-servo applications. In 52-pin 
plastic quad flatpack, $10 (OEM qty). 
Analog Devices, 804 Woburn St, 
Wilmington, MA 01887. Phone (617) 
937-2210. Circle No. 424 


Dual 16-bit DACs. The SP9320 and 
SP9321 dual 16-bit DACs feature data 
readback for self-test and calibration 


functions. The SP9320 has a 16-bit par- 
allel input; the SP9821 has a bidirec- 
tional 8-bit input. All inputs are double 
buffered. Each DAC has an input for 
the required reference voltage, which 
can range from —25 to +25V. The 
DACs are available in 14-, 15-, and 16- 
bit linearity grades, and in commercial 
and military temperature ranges. The 
28-pin SP9320 and the 24-pin SP9321 
come in plastic or side-brazed ceramic 
DIPs. From $32 (1000). Sipex Corp, 22 
Linnell Circle, Billerica, MA 01821. 
Phone (508) 667-8700. FAX (508) 667- 
8310. Circle No. 425 





16-bit synchro-to-digital convert- 
ers. The SDC-14550 series of S/D con- 
verters feature programmable resolu- 
tions of 10, 12, 14, or 16 bits. They oper- 
ate from a single 5V supply and comply 
with MIL-STD-1772 and MIL-STD- 
883C. Input-frequency ranges are 
either 47 Hz to 5 kHz or 360 Hz to 5 
kHz. The parallel 16-bit digital outputs 
are TTL/CMOS compatible. They are 
available in a 1.5 x 0.78 x 0.21-in., 34-pin 
ceramic package. From $400 (1-9). ILC 
Data Device Corp, 105 Wilbur Pl, Bo- 
hemia, NY 11716. Phone (516) 567-5600, 
ext 388. FAX (516) 567-7358. 

Circle No. 426 


Wireless communications chips. The 
PMB2200 transmitter and PMB2400 re- 
ceiver comply with the Cellular Tele- 
communication Industry Association 
IS-54 standard for digital wireless sys- 
tems in the US and with the Groupe 
Speciale Mobile standard in Europe. 
The PMB2200 converts the baseband 
signal into modulated RF carrier fre- 
quencies in the 700-MHz to 1-GHz 
range. The PMB2400 includes a hetero- 
dyne receiver and demodulator that 
convert the received RF signal to the 
IF band. PMB2200 20-pin SOIC pack- 
age, $7.85; PMB2400 24-pin SOIC pack- 
age, $7.85 (1000). Siemens Compo- 
nents Inc, 2192 Laurelwood Rd, Santa 
Clara, CA 95054. Phone (408) 980-4536. 

Circle No. 427 
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PC-based 100-Msample/sec DSO. 
The SWI-7100 series is a family of five 
8-bit-resolution ISA bus DSO boards, 
four of which capture data at speeds 
to 100 Msamples/sec. (The other takes 
25 Msamples/sec.) One board offers both 
100-Msample/sec capture and 8 Mbytes 
of waveform memory. Selectable filter- 
ing of input signals allows you to choose 
Butterworth, Chebychev, elliptic, or 
transitional filters; you can also select 
the cut-off frequencies. The boards ac- 
quire data continuously or in single-shot 
mode. $5700 to $16,000. Systemware 
Inc, 660 Hampshire Rd, Suite 100, West- 
lake Village, CA 91861. Phone (805) 497- 
9603. FAX (805) 494-9719. Circle No. 401 








Test & Measurement Instruments 


Series systems for handling ICs. The 
Promaster 2000 programs, tests, and la- 
bels DIP ICs. The Promaster 3000 per- 
forms the same functions on both sur- 
face-mount and DIP ICs. The Promas- 
ter 7000 is similar to the 3000, but sub- 
stitutes laser marking for labeling. Both 
the 3000 and 7000 are available in mod- 
els for 44- and 88-pin surface-mount de- 
vices. $63,915 to $124,645. Delivery, 
eight weeks ARO. Data I/O Corp, Box 
97046, Redmond, WA 98073. Phone 
(206) 881-6444. FAX (206) 881-6856. 
Circle No. 402 


Probe arms for wafer analysis sys- 
tems. The PPA-Series of probe arms 
allows the vendor’s wafer-analysis sys- 
tems to accommodate devices with non- 
planar mounting surfaces. The arms al- 
low a +5° adjustment. $950. Cascade 
Microtech Inc, 14255 SW Brigadoon 
Ct, Beaverton, OR 97005. Phone (503) 
626-8245. Circle No. 403 


Low-cost 1- and 2-GHz counters. 
The $330 B-1000 and the $425 B-2000 
operate to 1 and 2 GHz, respectively. 


They include 8-digit LED displays, A- 
and B-channel inputs and outputs, se- 
lectable ac or de coupling, and lowpass 
filters. Sensitivity is 0.25 mV; gate time 
is 0.01 to 10 sec; trigger level is less 
than 3.5 mV. Modes include A/B ratio, 
time interval, period A, and totalize. 
The timebase uses a temperature- 
compensated crystal. Protek, Box 59, 
Norwood, NJ 07648. Phone (201) 767- 
7242. FAX (201) 767-7343. Circle No. 404 


Universal production-automation 
software. PC-based Tasklink control 
systems for handling and programming 
ICs, including automated device han- 
dlers and gang programmers. You es- 
tablish files for each programming op- 
eration. The files specify such parame- 
ters as device type, labeling, and verifi- 
cation criteria. You can select devices 
from menus by manufacturer or type, 
and you can use wild-card characters 
when describing groups of devices. 
$1795; with one of the vendor’s pro- 
grammers, $1295. Data I/O Corp, Box 
97046, Redmond, WA 98078. Phone 
(206) 881-6444. FAX (206) 881-6856. 
Circle No. 405 


THIS OUGHTA START YOUR 


HARRIS HAS YOUR MOTOR APPLICATION UNDER CONTROL 


Here’s the fast way to get 
your motor started. Call 
Harris. We've got everything 
you need for every kind of 
motor control application. 
Including power MOSFETs, 
IGBTs, ultra-fast rectifiers, 
MOVs and IC drivers. So 

tap the power of Harris. 
Just give us a call today. 
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2-channel, 2-Gsample/sec DSO. 
The 7200A modular unit accepts several 
types of plug-ins, including one that 
takes 1 Gsample/sec on two channels or 
2 Gsamples/sec on one. By using two 
of these plug-ins, the scope can simulta- 
neously sample two channels at 2 Gsam- 
ples/sec. You can order the plug-ins 
with 1-Msample waveform memories. 
The mainframe includes an 840 x 512- 
pixel color display. Mainframes, from 
$13,000; plug-ins, from $17,500. LeCroy 
Corp, 700 Chestnut Ridge Rd, Chest- 
nut Ridge, NY 10977. Phone (914) 578- 
6011. FAX (914) 578-5985. Circle No. 406 


Voltage-reference standard. The 
734A consists of four mechanically and 
electrically independent plug-in stan- 
dards in an enclosure that mounts in 
an equipment rack. Each standard pro- 
vides 10 and 1.018V outputs that vary 
by no more than +0.3 ppm/month and 
+2 ppm/year. The standards include 
batteries that power them for 72 hours 
in the absence of ac power (144 hours 
optional). In normal operation, you es- 
tablish a reference by comparison 
among three of the standards. You use 


MOTOR RUNNING 


RECTIFY WITHOUT DELAY 


® Paris 33-1-34-65-40-80 ¢ Hong Kong 852-723-6339 ¢ Tokyo 81-3-3345-8911 


Relative Recovery Time 


Test & Measurement Instruments 





the fourth unit to transfer the standard 
reference value to other locations. 
$12,650. Delivery, 90 days ARO. John 
Fluke Mfg Co Inc, Box 9090, Everett, 
WA 98206. Phone (800) 443-5853; (206) 
347-6100. FAX (206) 356-5116. 

Circle No. 407 


Lowpass elliptic filter and ampli- 
fier. The 30A plugs into the vendor’s 
3905B and 3916B programmable filter- 
system chassis. As a filter, the board 
has tunable cutoff frequencies from 1 
Hz to 99 kHz with a slope of 115 dB/ 
octave. You can select a single-ended 
or differential input configuration, pre- 
filter gains to 40 dB, and postfilter gains 


> ‘S) Nt 
at ; 
ee 
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Percent of Rated Forward Current 


Harris can rectify your speed problems. Our ultra-fast rectifiers offer recovery speed that’s 
10 times better than the competitors: Plus they feature low Ve, high Vp, and low lpm. 


CIRCLE NO. 126 


8989. 


to 20 dB. As an amplifier, the band- 
width is 1 MHz with gains to 60 dB in 
10-dB steps. $1345. Krohn-Hite Corp, 
255 Bodwell St, Avon, MA 02322. 
Phone (508) 580-1660. FAX (508) 583- 
Circle No. 408 


Gigabit error-rate test system. The 
Model 110/210 tests digital communica- 
tions links from 10 Mbps to 1.1 Gbps. 
The system, which consists of two 15-lb 
units, produces three digital patterns, 
provides adjustment of clock and data 
phasing, permits insertion of errors, 
performs four error calculations, and in- 
cludes an IKEE-488 interface. You can 
select sequence lengths of 2‘—1, 2-1, 
and 2“—1. $29,500. Broadband Com- 
munication Products Inc, 17 E Hibis- 
eus Blvd, Suite 210, Melbourne, FL 
32901. Phone (407) 984-3671. FAX (407) 
728-0487. Circle No. 409 


3-axis elf milligauss meter. The 
Model 70 meter measures extra-low fre- 
quency (40 to 600 Hz; 2 kHz optional) 
magnetic fields from 0.1 to 1999 milli- 
gauss and provides a 3-axis vector- 
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magnitude display. It has a 3'A-digit 
LCD and operates for 30 hours from a 
9V alkaline battery. $450. Teslatronics 
Inc, 1 Progress Blvd #45, Alachua, FL 
32615. Phone (904) 462-2010. 

Circle No. 410 


Mass-storage and data-logging 
system. The TD100 unit attaches to the 
top of the vendor’s TDS 500, 600, and 
800 series DSOs. It adds a 1.44-Mbyte, 
3'4-in. floppy-disk drive and a 50-Mbyte 
hard disk, both of which you control 
from menus displayed on the DSO 
screen. The unit lets you store dozens 
of complete scope front-panel setups 
and save displays in formats compatible 
with popular MS-DOS desktop publish- 
ing packages. It also lets you save 
waveform records in formats compat- 
ible with popular MS-DOS spread- 
sheets. $1995. Tektronix Inc, Box 1520, 
Pittsfield, MA 01202. Phone (800) 426- 
2200. Circle No. 411 


Emulators for MC68HC11K4. Cou- 
pled with the vendor’s PC-hosted 
EMUL68-PC, the Pod-11KE and Pod- 








Test & Measurement Instruments 


11KS enable in-circuit emulation of the 
MC68HC11K4, a 4-MHz microcon- 
troller (wC) that includes 24 kbytes of 
EPROM, 640 bytes of EEPROM, and 
768 bytes of RAM. The pC supports 1 
Mbyte of external memory. Pods, $1100 
to $1500. Nohau Corp, 51 E Campbell 
Ave, Campbell, CA 95008. Phone (408) 
866-1820. FAX (408) 378-7869. 

Circle No. 412 





Development system for 80C- 
186EB. The 80C186EB development 
system is based on the vendor’s ES 1800 
emulator. It supports transparent, non- 
intrusive emulation at the processor’s 


full clock speed. Because the trace 
buffer stores every write and verify, 
memory locations of chip selects, tim- 
ers, and DMA transfers survive target- 
system crashes. The system can include 
Genprobe II V3.0, a windowed source 
and assembly-level debugger. $11,100 
to $17,500. Applied Microsystems 
Corp, Box 97002, Redmond, WA 980738. 
Phone (800) 426-3925; (206) 882-2000. 
FAX (206) 883-3049. TLX 185196. 

Circle No. 413 


intelligent testing system for opti- 
cal fibers. The FOT-900 series incorpo- 
rates what the vendor calls a Fastest 
feature that permits a pair of units to 
measure the end-to-end attenuation of 
fibers at one of two wavelengths in less 
than 10 sec with a single key press. 
Using instruments equipped with ap- 
propriate options, back-reflection tests 
require 15 sec. The units, which receive 
power from ac, rechargeable batteries, 
or nonrechargeable batteries, operate 
at 850, 1300, and 1550 nm. $1550 to 
$12,000. Exfo EO Engineering Inc, 
485 Godin, Vanier QC, GIN 3Y2, Can- 
ada. Phone (418) 683-0211. Circle No. 414 


KEEP TRANSIENT PROBLEMS FROM 


Once a transient has fried your circuit, 
TRANSIENT THREATS 
fo™ LIGHTNING 


it’s a very permanent problem. That’s why 
\\ PRIMARY, SECONDARY 


you need surge protection from Harris. 

We're a leading supplier of transient 4 
surge suppressors. With products that / XQ 
can stop everything from a lightning x 
strike. To the dreaded HERF (high 
energy radio frequencies). In fact, our 
ceramic chips and MOVs cover a range 
of voltages from 3.5V dc to 6000V ac. 
From a tiny 10th of a joule to tens of 
thousands of them. 

And Harris is your one and only 
source for QPL MOVs. So suppress 
those transient surges. Just give us 
a call today. 


mw) 
uy 





AUTOMOTIVE 
LOAD DUMP 


AMPLITUDE 


ESD/ EMI 





Ris 


SEM dC O OND UC E:O-R 


Brussels 32-2-246-2111 





e London 44-276-686-886 ¢ 


Milan 39-2-2620761 


Munich 49-89-63813-0 


196 = EDN May 21, 1992 





EDN-NEW PRODUCTS 





Jitter/wander analyzer. The SJ-300 
is a portable instrument for testing net- 
works that conform to the SONET (syn- 
chronous optical network) and SDH 
(synchronous digital hierarchy) stan- 
dards. The unit continuously displays 
p-p and rms jitter. You can set the 
tester so that each time the phase 
error exceeds a threshold value that 
you specify, it records the date and 
time of the occurrence. The instrument 
also records the maximum time-inter- 
val error and Vtime variation. From 
$27,950. Delivery, 30 to 60 days ARO. 
Microwave Logic, 20 Cummings Rd, 
Tyngsboro, MA 01879. Phone (508) 
649-6099. FAX (508) 649-4722. 

Circle No. 415 


Software for testing ‘‘panelized’’ 
pc boards. HP Paneltest, which runs 
on the vendor’s 3070 systems, over- 
comes difficulties that crop up when you 
test groups of small pe boards in panels. 
Partial panels and defective boards 
cause problems with software designed 
for testing large boards. Compared with 
more general packages, the specialized 
software reduces the time required for 


BECOMING PERMANENT 


Test & Measurement Instruments 


programming small-board tests. $15,000. 
Hewlett-Packard Co, 19310 Prune- 
ridge Ave, Cupertino, CA 95014. Phone 
(800) 452-4844. Circle No. 416 





Notebook PC-based data-acquisi- 
tion system. Black Lab measures 
2.5X 12X11 in., weighs 7 lb, and con- 
nects to the RS-232C port of any PC, 
including notebook computers. It takes 


Traditional transient suppressors have their response times slowed 


by parasitic lead impedances. But Harris's new surface mount 
surge suppressors feature a unique multi-layer interdigitated 
construction that results in virtually zero inductance. For response 
time less than 100 picoseconds. And much better protection. 


FIRED CERAMIC DIELECTRIC —] 


GRAINS 


e Paris 33-1-34-65-40-80 © Hong Kong 852-723-6339 ¢ Tokyo 81-3-3345-8911 
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1000 samples/sec on each of 16 channels 
and permits other sampling rates from 
1/minute to 20k/sec. The unit accepts 
ac power, and if appropriately equipped 
runs from internal or external 12V de 
sources. AC-powered version, $1950. 
Analog Interfaces Inc, Box 3448, Alli- 
ance, OH 44601. Phone (216) 821-5800. 
FAX (216) 821-7625. Circle No. 417 


160-channel analog logic analyzer. 
The $160 PC-hosted analog logic ana- | 
lyzer can have from 16 to 160 channels. 
It’s a cross between a DSO and a logic 
analyzer. Like a DSO, it resolves signal 
levels other than just logic 1 and logic 
0 (16 levels in single-shot mode; 64 lev- 
els for repetitive signals). Like a logic 
analyzer, it offers complex multilevel © 
triggering. In single-shot mode, the 
system captures data at 200 Msamples/ 
sec on all channels, 400 Msamples/sec 
on half the channels, or 800 Msamples/ 
sec on a quarter of the channels. 
$19,950. Delivery, 90 days ARO. Bio- 
mation 19050 Pruneridge Ave, Cu- 
pertino, CA 95014. Phone (800) 934- 
2466; (408) 988-6800. FAX (408) 988- 
1647. Circle No. 418 
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Connector Pin MOVs 
Unique design slips over connector pin, 









Pin Aray Mutlayers 
Protects all pins of connector, adding 
negligible weight and space 
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Multilayer Surface Mount 


Surge Suppressors 
Unique leacHess design has virtually zero 


inductance; improves response fime, 
increases protection 
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The SR560 Low-Noise Preamplifier 


is the ideal voltage amplifier for the 

most demanding applications. With $1895 

a low 4.nV/./Hz of input noise, even 

the smallest signals won't get lost. 4 nV/./Hz input noise 
Two adjustable signal filters, each LV lepalettateitelia 

ore) alife[0}g-le)(-m- tamale] ame) me) um 8- too Gain variable to 50,000 
attenuate unwanted interference. AC or DC coupled 
Internal batteries provide operation — True differential or single- 
isolated from the AC line. : ended input 


And the best news of all, the SR560° 2 configurable signal filters 
is priced at only $1895, nes . C eceeel mls ated 


Stanford Research Systems 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD 
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PC-board layout tools. Version 27 of 
the Scicards system for pe-board layout 
includes a gridless editor that provides 
push-shove of board traces and on-line 
design-rule checking. Another new fea- 
ture is automatic testing of dense sur- 
face-mount and through-hole board de- 
signs. In addition to supporting other 
industry-standard computers, the soft- 
ware is now available for HP 700 series 
workstations. From $45,000. Harris 
Corp, Scientific Calculations Div, 7796 
Victor-Mendon Rd, Box H, Fishers, 
NY 14458. Phone (716) 924-9308. 

Cirde No. 428 


Graphics library for C++. Object- 
graphics for C++ lets users develop 
hardware-independent graphics using 
Borland C+ + and Application Frame- 
works or using Turbo C+ + for Win- 
dows. Users can develop graphical ap- 
plications via a simple set of graphic 
objects rather than using scores of 
primitive function calls. $195. Source 
code, $390. The Whitewater Group, 
1800 Ridge Ave, Evanston, IL 60201. 
Phone (708) 328-3800. FAX (708) 328- 
9386. Circle No. 429 


Hardware models for Xilinx FPGA. 
A model of the Xilinx XC3090 FPGA 
is available now to run on the LM-family 
of hardware modeling systems. A soft- 
ware utility lets designers program the 
FPGA model before a simulation run 
to reduce overall simulation time. $5000 
Logic Modeling Systems Inc, 1520 Mc- 
Candless Dr, Milpitas CA 95035. Phone 
(408) 957-5200. FAX (408) 945-9181. 
Circle No. 430 


AutoCAD symbol library. Revision 
4.0 of the Quikdraw symbol library con- 
tains 1700 blocked electronic symbols. 
Users can modify the library by creat- 
ing new symbols or changing existing 
symbols. The library has parts for 500 
pe-board symbols: physical parts, silk 
screens, a drill table, drill symbols, tar- 
gets, and swage drawings. The library 
has approximately 9 Mbytes of data on 
24 3’s-in. disks and works with 
AutoCAD versions 2.5 to 10. $449. 
Quantum Technologies Group Ltd, 
1575 Delucchi Lane, Suite 115, Reno, 
NV 89502. Phone (702) 827-3827. FAX 
(702) 827-0137. Circle No. 431 


Design tool for mixed-signal ASICs. 
PPL Version 5.0 for mixed-signal 
ASICs provides physical context 


CAE & Software Development Tools 


switching that lets users change rules, 
libraries, or constraints depending on 
area definitions. Users can design both 
analog and digital circuits with this tool. 
The Standard ASIC package includes 
tools for design entry, extraction, 
mixed-mode simulation, and layout and 
schematic generation. The package also 
has libraries for Mosis and Foresight 
shared silicon services. PC version, 
$14,500. Bonneville Microelectronics 
Inc, 1899 S 700 E, Suite 10, Salt Lake 
City, UT 84105. Phone/FAX (801) 467- 
4698. Circle No. 432 





Software for SBus adapters. Model 
400-943 Support Software lets users of 
the company’s SBus adapters connect 
the buses of a SPARCstation and a Mul- 
tibus system or Q22 bus system or 
VMEbus system with or without block- 
mode DMA features. The connection 
lets the workstation function as a sin- 
gle-board bus-master processor on the 
non-SPARCstation bus. Software li- 
cense, $600. Bit3 Computer Corp, 8120 
Penn Ave S, Minneapolis, MN 55481. 
Phone (612) 881-6955. FAX (612) 881- 
9674. Circle No. 433 


image-database software. PICS im- 
age-database software lets users attach 
multiple descriptive labels to individual 
images and retrieve images via Boolean 
searches. The software runs on a PC/ 
AT or Sun computer and requires a 
Sony LVR-5000 series Laser Video Disc 
Recorder. From $6500. High Sierra 
Technologies Inc, Box 8296, 749 Kelly 
Dr, Incline Village, NV 89450. Phone 
(702) 882-0792. FAX (702) 832-0778. 
Circle No. 434 


Backup for MS Windows. Central 
Point Backup 7.2 for Windows provides 
“drag and drop” file selection, backs up 
to tape drives, and does both back- 
ground and unattended backup. The 


software works with all QIC 40/80- 
compatible and Irwin drives, which are 
available from many manufacturers. 
The software also detects 1000 viruses 
and can search files for viruses without 
doing a backup. The software runs on 
PC/AT, PS/2, or compatible computers 
running Windows 3.0 or 3.1. $129. Cen- 
tral Point Software Inc, 15220 NW 
Greenbrier Pkwy, No. 200, Beaverton, 
OR 97006. Phone (503) 690-2260. FAX 
(503) 690-8083. Circle No. 435 


PC X server software. Release 3.0 of 
the HCL line of PC X server software 
supports both X11 Version 5 of the X- 
Window System and MS-Windows 3.1. 
The software lets a PC emulate an X 
terminal and connect to networks or 
mainframes running Unix. From $5465. 
Hummingbird Communications Ltd, 
2900 John St, Unit 4, Markham, Ontario, 
Canada. Phone (416) 470-1203. Grrde No. 436 


PC-board layout tools for Win- 
dows. The Advanced Pack from the 
Protel for Windows family of pc-board 
design tools now includes Advanced 
PCB, a layout tool; Advanced Place, an 
intelligent autoplacement tool; and Ad- 
vanced Route, a 16-layer rip-up and re- 





try autorouter. The tools run under MS- 
Windows 3.0. $2990. Protel Technol- 
ogy Inc, 151 Bernal Rd, San Jose, CA 
95119. Phone (800) 544-4186. Circle No. 437 


Virus protection for MS-Windows. 
Central Point Anti-Virus for Windows 
detects and removes 1000 viruses. The 
program also detects stealth viruses, 
both known and new. Additional fea- 
tures include scheduled scanning, auto- 
matic updating, and delete and wipe op- 
tions for infected files. The software 
runs on PC/AT, PS/2, or compatible 
computers running MS-DOS 3.1 or 
higher and Windows 3.0 or higher. 
$129. Central Point Software Inc, 
15220 NW Greenbrier Pkwy, No. 200, 
Beaverton, OR 97006. Phone (503) 690- 
2260. FAX (503) 690-8083. Circle No. 438 
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oday’s engineers 
1. for the | 
future. They need tech- Sa og 
nology which allows rapid — of 


prototyping and reduces devel- 


opment costs. 


At Advanced Microelectronics, 

we can help you out of the Stone 
Age and into the future by reduc- 
ing manufacturing costs, providing 


unlimited flexibility, and rapid results. 


Our FPGA design methodology 
allows you to migrate your archi- 

tecture to gate array, standard cell, 
or full custom implementations. In 
addition to FPGAs, we also offer 

custom mixed signal solutions using 
bipolar, CMOS, and BiCMOS pro- 
cess technologies. From IC design, 
to modeling, to testing, to finished 


goods, we have a proven track record. 


We give you the future now. 
Call today for more information: 


(601) 932-7620, Fax 932-7621. 


email: design @aue.com 
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On that great highway of 
electronic system design, are you 
still trying to lumber along in 
the slow lane behind a load of 
discrete logic? 

Are you maybe jammed up by 
a bunch of little PLDs? 

Or worse yet, stuck in the park- 
ing lot of the gate array foundry, 
wondering how you got there? 

Well, just consider this your 
invitation to move into the fast lane 
of programmable logic. From the 
company that owns It. 

Xilinx. 


THE MOST ALTERNATE 
ROUTES. 
Our FPGAs offer the best of 


SB a a ge Sa oe 


both worlds: the flexibility and 
instant gratification of programma- 
ble logic, with the speed and 
density of gate arrays. But with 
none of the penalties. 

And nobody can offer you 
more FPGAs than we can. 

Our 2000 family, introduced 


By rolling out constant improvements in speed and 
density, Xilinx can give your designs more mileage. 


in 1985, has been cruising down the 
cost curve ever since, with some 
devices now under $10. 

The 3000 family boosted FPGA 
density to 9,000 gates. 

Today, our third generation 
XC4000 family offers a versatile 
architecture, on-chip RAM, fully 
automatic design implementation, 
built-in system functions, and 
devices that'll someday break the 
20,000 gate barrier. 

These powerhouses are joined 
by the high speed XC7200 family 
from our EPLD division. 

Along with more than 250 dif- 
ferent packaging and temperature 
options to support the broadest 
possible range of applications. 





. NOW THAT YOU CAN 
GO THIS FAST, 


HOW FAR WOULD You 
LIKE TO GO? 





a a on chip, for instance, We also save you money by 
Speed in MHz 3000 4000 7200 3000 4000 7200 | and asub-micron offering the broadest workstation 
= manufacturing process platform support, and the broadest 
are Just two. CAE system compatibility. So you 
How much faster can go with us without having 
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can you get? Just hang 
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ee, 
Feel the need for speed? Were just getting revved up. GO A LOT j : 9206MI 
FARTHER, FOR A LOT LESS, ® 
THERE IS NO SPEED LIMIT. WITH XILINX. 
; :; Besides pushing speed, density and costs, were 
Today, with system speeds up High volume production does Aenea nee eae 
to 50 MHz, and densities up to wonders for the price of our devices. ing the first programmable logic in QFPs. 
10,000 gates, there are very few Considering we ship ten to reinvent, or reinvest in, a new 
limits to what you can do with times more FPGAs than all our set of wheels. 
Xilinx programmable logic. competition combined, it’s no shock It’s all part of a company-wide 
A variety of improvements that we're the lowest cost FPGA plan to make Xilinx your program- 
help us deliver this performance producer. And those prices are only — mable logic company. And put 


boost: integrated system features going to get better. you in the driver's seat. 











Design and production LOGIC FOR THE 90'S. are going to get lower every day. 


schedules have never been tighter. AND BEYOND. Our devices are infinitely 
Systems have never been more The programmable logic reprogrammable, even in the sys- 
complex. You need more options for — solutions from Xilinx were made tem, so you can refine your design 
creativity, and more forgiveness for the way you have to design logic — until it hums. 

in the design cycle, without paying — today. And down the road. Later on, adding new capa- 
the usual time or cost penalties. For starters, there’s no NRE. bilities is just as easy. 

Time has become so com- Your costs going in are low, and they And with our short develop- 
pressed, hard- Higher Performance Higher Utilization ment cycle 
ware and soft- F (at least 15 
ware are being E weeks shorter 
engineered z ™ 5 " than a gate 
concurrently. é 0.60 g ® array), youre 
Often, there 3 oa = 0 not waiting 
isn’'teven time é : for production 
for a proto- quantities. 
type. What 0.00  Xc3020 =©=—»-XC3030 Ce xC3064 ——-X3090 0 xc3020 = XC3030 Rs xC3064  _XC3090 You can get 


9 
do you ae: Just We tested our new ADI place-and-route software, v.3.2, on 153 of our customers’ toughest designs. them jas last 
keep reading. OC ¥320} These benchmarks document the improvements you can look forward to, automatically, with Xilinx. as you like. 


Don't worry about your inven- 
tory, either. Our devices are 
standard parts, fully tested (so you 
don’t have to write test vector 
number one), and they'll keep until 
youre ready. 

And our pin-compatible Hard- 
wire Gate Array makes migrating 
to high volumes automatic—no test 
vectors, no waiting, no pain. 


XILINX, THE SOFTWARE 
COMPANY. 

Our XACT development 
system never stops getting better. 

It’s push-button-automatic, 
sure, but it’s also powerful, so you 
can go as deep into your design 
as you care to. 


WHICH WAY 
~ ISTHEBEST WAY 


We've also added more libra- 
ries, ABEL support, more user 
control, user-defined hard macros, 
more new 3rd party inter- \ 
faces, more efficient place- sand: . 
route, and just plain 
more. In fact, bench- 
show our new place- 
software (v.3.2) delivers 
40% improvement 
in device 
utilization. 


\ marks 
and-route 
\ a30 to 


Our XACT software 

as so automatic, the 
difference between 
last years model and 
this years model can 
be just one button. 


And a 25% improvement in 
performance. 

All of which make our XACT 
system easier than ever to live 
with. But we don't intend to rest on 
our disks. We're building more 
intelligence into the system every- 
day, with powerful new features 
like deadline timing, a floor planner, 
and a hot, very smart design 
manager on the way. 

You see, our goal is to build 
a development system that practi- 
cally runs itself, and produces 
perfect designs in record time. 

That alone is reason enough 
to go with us. (The fact we’re 
driving this industry doesn't 
hurt either. ) 





The value of timely market 
entry is no longer incalculable. 

Research on the subject shows 
that a six-month delay in getting 
to market reduces product profit- 
ability by a third over its life cycle. 

As if that weren’t daunting 
enough, consider this. 

Rapidly evolving technologies 
reward quick product development, 
but tend to accelerate product 
obsolescence. So how do you 
achieve the first without getting 
bumped off by the second? 


GET TO MARKET FIRST, 
THEN STAY THERE. 
The old saying is, “the view 
only changes for the lead dog” 


Well, when you put your logic 
on a Xilinx device, here’s what 
the leader's view looks like. 

First of all,no one can help you 
roll out your product | 
quicker than we . 
can.OQur hardware 
and software were | 


designed from ae 


the beginning 
for Just that_ 4 
purpose. ~ 
Once 
youre out in 
the market, 
then the fun 
really starts. 
You can respond to changing 
market conditions and customer's 


Since our PLDs are standard parts we can 
knock them out in ever higher volumes. 
So they arrive at your shipping dock fully 
tested, and dropping in price. Sweet deal. 


needs almost as soon as you learn 
about them. 

For example, our FPGAs are 
even reprogrammable in the 
system, So you can produce new 
models with different feature sets 
just by modifying the design— 

» atask our software makes 
. virtually automatic— 
> and reloading via 
EPROM, disk, or 
telephone. And what 
~ new models they can be. 


OUR IMPROVEMENTS, 
YOUR INNOVATIONS. 
We're continually 
pushing to deliver 
denser, faster, smaller, 








more highly integrated devices. right design, and re- 





Time to Market 

Likewise, our software gives Weeks : ' , fine it without risk. 
you more and more efficient device Verification eycouins eialiaion What's more, 
utilization, and as a result, better Gate Array youll find our 
performance. 7 prices will continue 

Together they let you build Programmable to drop as our 
new systems that are smaller, _— volume continues 
lighter, faster, more reliable, and You may not be able to buy time, but you can certainly do the next best *O Increase.Which 
yet pack more features than thing. You can buy Xilinx and save time. Almost four months worth, it does everyday, aS 


compared to using a conventional gate array. 


previous models. more and more 





And still hold the line on costs. | won't just get to market. You'll be companies discover the benefits of 
With all that going for you, you the market. our approach. 








a ane An approach that includes 





GO WITH the benefits of lower costs, better 
9 | SOMEONE WHO CAN integration, more speed, and less 
5. HELP YOU GET THERE. risk, all from one source. 
. Before Xilina, this board was crawling with Because no one has a broader Xilinx. 
ee a product line, you can get the right There’s too much at stake to 


consumption by 75%, and cut out two board . 
layers. Thats what we call a good shrink. part, at the right time, build the go any other way. 





When you go with Xilinx, what 
do you get? 

Software so automated it 
can shrink a development cycle to 
less than a starting employee's 





The most valuable thing in a horse race? 
A good lead. As the leader in programmable 
logic, we can help you get one. And keep tt. 


vacation. The fastest, densest, 
most cost-efficient devices. And 
support from the league-leader in 
programmable logic. 


THE MOST EXPERIENCED 
PROGRAMMABLE LOGIC. 
In all modesty, we know more 
about FPGAs than anybody. 
After all, we invented them. 


- AFTERALL 


UST 


BUYING A 
LOGIC DEVICE, 





We've also sold more than 
13 million devices, and more than 
12,000 development systems. 

So our staff of FAEs have more 
experience designing with com- 
plex PLDs than any other single 
group in the industry. And when 
you go with us, theyre with you. 


THE LOGIC OF OUR APPROACH 
IS INESCAPABLE. 

Were not burdened by expen- 
sive fabs, So we can invest where 
it really counts: in device 
improvements. 

We have the largest software 
team in programmable logic— 
half of our total R&D staff. Our goal 
is to automate even the toughest 


_XILINX 


The Programmable Logic Company.” 
2100 Logic Drive, San Jose, CA 95124 
(408) 559-7778 


designs, till the process becomes 
as quick and painless as possible. 

We'll also continue to push 
the industry in device speed and 
density. 

After all, were in the best 
position to do that—our R&D bud- 
get is bigger than most of our 
competitor's revenues. 

So find out how much we can 
help. Call our 24-hour information 
hotline at 800-231-3386 for the 
latest product lit- 
erature and the 
name of the Xilinx 
representative 
nearest you. We'll take it 
from there. But do it soon. 
Because these days, getting ahead 
is the only way to go. 






© 1992 Xilinx, Inc. Europe, 44 (932) 349401; Japan, 81 (3) 297-9191, 
Asia, 852 (3) 721-0900. Xilinx and XACT are trademarks and The 
Programmable Logic Company is a service mark of Xilinx, Inc. All other 
trademarks or registered trademarks are the property of their 
respective holders. Printed in U.S.A. 





Booklet of SMT interconnect de- 
vices. The 28-pg Surface Mount Inter- 
connect Handbook discusses designing 
insulators, contacts, leads, and termi- 
nals. It also provides specifications and 





tolerances for materials and construc- 
tion. Samtec Inc, Box 1147, New Al- 
bany, IN 47150. Phone (800) 726-8329; 
(812) 944-6733. FAX (812) 948-5047. 


TLX 333918. Cirde No. 351 


Three publications on Open Sys- 
tems. The $1 paper, Evolution of Open 
Systems, discourses on what Open Sys- 
tems are, their history, and an outlook 
on their future. The 140-pg Open Sys- 
tems Reference Guide, The World of 
Standards (members, $3.25; nonmem- 
bers, $7), describes 78 standards, in- 
cluding ABI, ASCII, FDDI, IEEE Std 
802, IRDS, MIL-D-28000, and X Win- 
dows. The listings of the 592-pg Source- 
book (members, $4.25; nonmembers, $8) 
provide a choice of numerous products 
that have been tested for shrink-wrap 
compatibility. 88o0pen Consortium Ltd, 
100 Homeland Ct, Suite 800, San Jose, 
CA 95112. Phone (408) 436-6600. FAX 
(408) 486-0725. INQUIRE DIRECT 


Disk/book set for System 7. The 
System 7 Book/Disk Set is a book on 
Apple’s new operating software com- 
bined with two disks offering 7.0.1 utili- 
ties and fonts. The software comes on 
800-kbyte floppy disks. $34.95. Ven- 
tana Press, Box 2468, Chapel Hill, NC 
27515. Phone (919) 942-0220. FAX (919) 
942-1140. INQUIRE DIRECT 


Choosing a counter/timer. This 4-pg 
application guide helps you select a 
counter/timer. It provides an overview 
and explanation of counter/timer fea- 
tures. In addition, the publication com- 
pares the vendor’s PM 6680 timer/ 
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counter with the HP 5334B and 5335A 


in categories such as price, frequency 
range and resolution, sensitivity, sin- 
gle-shot resolution, time average reso- 
lution, maximum reading rate, and 
memory. It also compares several meas- 
uring modes of three counters. John 
Fluke Mfg Co Inc, Box 9090, Everett, 
WA 98206. Phone (800) 443-5853; (206) 
347-6100. FAX (206) 356-5116. TLX 
185102. Circle No. 352 
Philips Test and Measurement, Bldg 
TQ III-4, 5600 MD Eindhoven, The 
Netherlands. Phone local office. 

| Circle No. 353 


Module 
Product Guide 


SRAM 


EEPROM 


Flash 


Microcaniratiers 


ME -STD-17 72 


Product guide for computers. The 
Modular Product Guide describes 30 of 
the vendor’s static RAMs, EEPROMs, 
flash PROMs, and microcontrollers. It 
lists product specifications, package 
configurations, and product features 
and options. White Technology Inc, 
4246 E Wood St, Phoenix, AZ 85040. 
Phone (602) 437-1520. FAX (602) 487- 
9120. Circle No. 354 


Report on fiber-optic test equip- 
ment. Developments in the fiber-optic 
test-equipment market (#1201) is a 
study and analysis of test equipment 
for fiber-optic devices. It divides the 
market into nine segments: telephone 
subscriber loop; data-communications 
local area network; aerospace/defense; 
academic research; test and measure- 
ment; industrial process control; com- 
puters; medical devices; and others. The 
report discusses the manufacturers’ 
product lines and reviews competitive 
advantages of selected companies. It 
profiles more than 100 leading manufac- 
turers of fiber-optic test equipment, and 


the appendix provides a directory of 
test-equipment manufacturers. $1295. 
Corporate Strategic Intelligence, Box 
5204, Middlebush, NJ 08873. Phone 
(908) 545-8795. INQUIRE DIRECT 


Guide to line of multiple DACs. The 
Multiple Digital-to-Analog Converter 
Integrated Circuit Selection Guide de- 
scribes more than of 50 multiple DAC 
variations. A selection table sorts the 
DACs by resolution and number of 
DACs, as well as feature and block- 
diagram information. Analog Devices, 
Literature Center, 70 Shawmut Rd, 
Canton, MA 02021. FAX (617) 821-4273. 
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Offering of self-maintenance serv- 
ices. The Self Maintenance Services: 
Your Complete Support catalog covers 
support programs to help you get the 
most from your in-house calibration and 
repair resources. The publication lets 
you look at prices and availability of 
factory-authorized spare-parts services, 
module exchange services, documenta- 
tion aids, product-upgrade and service 
kits, training courses, and government- 
provisioning and metrology services for 
the company’s instrumentation. Ask for 
literature no. JO365B. John Fluke Mfg 
Co Inc, Box 9090, Everett, WA 98206. 
Phone (800) 448-5853. Circle No. 356 





Handbook of RF communications. 
This 870-pg handbook presents radio- 
frequency semiconductor products. It 
describes product families of amplifiers, 
compandors, FM IF systems, mixers, 
audio and data processors, frequency 
synthesizers, pagers and data receiv- 
ers, and cellular-communications chip 
sets. The publication also includes a col- 
lection of application notes. Signetics 
Co, 811 E Arques Ave, Sunnyvale, CA 
94088. Phone (408) 991-2000. 

Circle No. 357 
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stant frustration and disappoint- 
ment. Before you jump at the first 
management position that opens 
up, you should weigh its pro’s and 
con’s carefully, consider your own 
talents and goals, and decide 
whether it’s a move you really want 
to make. 

Some of the reasons for becoming 
a manager are obvious. First of all, 
you'll probably receive a larger sal- 
ary, and you may be able to rise 
higher in the ranks of your com- 
pany. Managers are also usually on 
a faster track for promotions and 
raises than engineers. 

Another well-known benefit of 
becoming a manager is that you'll 
have more control over resources. 
You'll decide how money is spent. 
You'll also get the praise for the 
results of your decisions. 

Dan Ganousis is a _ project 
manager at Solbourne Computer 
(Longmont, CO). He was a working 
engineer for 12 years for companies 
such as DEC and NCR before mov- 
ing to Solbourne in 1989. He knows 
what it’s like to finally have some 
power over his group’s budget. 

“It’s similar to getting an allow- 
ance,” he says, “and you decide 
where you're going to spend it to 
get the biggest bang. You get to 
go to management and say ‘I want 
this money because it’s going to 
help my productivity in this way.’ 
Then you see your proposal imple- 
mented, and it actually does what 
you told them it was going to do. 
That’s a great reward.” 

The added control you gain as a 
manager also extends to the way 
your group works. You may not set 
the final goals for your engineers, 
but you'll be able to decide to a 
large extent how they will accom- 
plish them. 

Mike Johnson spent eight years 
as an engineer for IBM and has 
been an engineering manager for 
Advanced Micro Devices (Austin, 
TX) for the past seven. “What I 
like best,” he says, “is being able 
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to leverage the skills that I have 
across many more people than I 
would as a hands-on contributor. 
There’s a much better chance for 
one of my ideas to positively influ- 
ence many people and have a much 
broader impact.” 


Added status and visibility 


Managers generally have more 
status within their companies than 
engineers, and more visibility to 
outsiders. When you're a manager, 
your opinions carry more weight 
with your superiors, and when you 
have a voice in purchasing deci- 
sions, outside vendors pay more at- 





Illustration by Ken Condon 


tention to you. Managers are often 
told of new products and develop- 
ments in technology directly by 
managers of vendor companies, 
rather than having to glean infor- 
mation from sales representatives. 

Another benefit is the opportu- 
nity to broaden your knowledge. 
Engineers often end up working in 
a very narrow niche. If you’ve be- 
come overly specialized, being a 
manager will enable you to stretch. 

Counterbalancing these benefits 
are a number of aspects of manag- 
ing that engineers usually find oner- 
ous, if not distinctly unpleasant. 
Primary among them is added re- 
sponsibility. 

“The responsibility weighed on 
me more than I thought it would,” 
says Johnson. “Until you’ve had re- 
sponsibility for people, your impres- 
sion of how it’s going to be is noth- 


ing like what it actually is. Sud- 
denly you have people whose lives 
you can affect in a fairly major way. 
Your mistakes are potentially mul- 
tiplied many times.” 

Another aspect of being a man- 
ager you may not be aware of is 
how much time and energy you'll 
have to spend dealing with the 
members of your group. “I was 
clueless about how draining it is 
physically and emotionally to man- 
age personalities and conflicts,” 
says Ganousis. “Once I got into this 
position, I was startled to find out 
how much was ‘this person is saying 
bad things about me’ or ‘I’m wor- 
ried about what my next project is 
going to be.’ It really takes a lot 
out of you.” 

Paperwork is an inescapable 
chore for managers. Engineers 
have to deal with a certain amount 
of paperwork, of course, but manag- 
ers have a much heavier burden. 
You'll probably have to fill out pro- 
ject schedules, progress reports, 
requisitions, and budget forms, as 
well as prepare presentations. 
You'll also have to write perform- 
ance appraisals of the people who 
were once your coworkers, a task 
that many new managers find par- 
ticularly difficult. 


New demands on your time 


Inevitably, all this additional 
work puts a new manager in a bind. 
You spend so much time on non- 
technical matters that you have lit- 
tle left over for keeping up with 
new developments in technology. 
Lower-level managers may not 
have their hands on the work any 
more, but they’re still expected to 
be up-to-date technically and under- 
stand all the aspects of the projects 
their engineers are working on. 

Being caught in the middle is a 
typical predicament for new manag- 
ers. You may, in some ways, have 
less autonomy than you did as an 
engineer. For example, strategic 
decisions about product develop- 





~ Introducing the AD669, the first complete 
16-bit monolithic DAC. 





DAC70i1KH  DAC703JP DAC707JUP 


Linearity +2LSB | +2 LSB +4 LSB +4 LSB 
Differential +2 LSB +4LSB #8186 48.58 
Linearity 

Gain Error £0.15% +0.15% 40.3% —-#0.3% 
Unipolar +5mV +10mV WA ON 
Offset 

Bipolar Offset. +15mV N/A 420mV ss #200 
Double-buffered Yes No No Yes 
Latches 

Monolithic Yes Yes Yes No 
PRICE (100s) $16.00 $34.50 $20.00 $22.00 
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Sure the competition can give you a lot of the specs that our new AD669 offers. It'll just take them three 
parts to do it. But most importantly, in a one-on-one comparison, they can’t even come close to touching the 
most impressive spec of the AD669—its price. At just a buck a bit, the AD669 delivers the highest performance 
at the lowest price of any 16-bit DAC. 

For more information on the monolithic DAC that can take the competition on AN ALOG 
three-to-one, call your nearest Analog Devices sales office. DEVICES 


Analog Devices, One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Distribution, offices and application support available worldwide. 
Authorized North American Distributors: Alliance Electronics 505-292-3360 ¢ Allied Electronics 817-595-3500 ¢ Anthem Electronics 408-453-1200 © Bell Industries 213-826-6778 
e Future Electronics 514-694-7710 ¢ Hall-Mark Electronics 214-343-5000 ¢ Newark Electronics 312-784-5100 ¢ Pioneer-Standard Electronics 800-874-6633 
¢ Pioneer Technologies Group 800-227-1693 ¢ Zentronics 416-564-9600 BB is a registered trademark of Burr-Brown. 
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ment are made at the directors’ or 
vice presidents’ level. You may not 
have any input into the deadlines 
that are imposed on you. Lower- 
level managers are largely con- 
cerned with specific projects and 
how to get them done on time. 

Many new managers find it hard 
to give their engineers some lee- 
way. “When you become a manager 
you have to trust the people who 
work for you to do the job,” says 
Johnson. “You have to give them 
the flexibility to do it in a way that 
might not be the way you would 
have done it yourself. That can be 
difficult for some managers. They 
see people doing something the 
‘wrong’ way, and they have a strong 
tendency to jump in and do the job 
themselves. Some managers de- 
velop a bad habit of doing other peo- 
ple’s work for them.” 

One of the most important adjust- 
ments you'll have to make as a man- 
ager is changing your perspective. 
Engineers tend to focus on individ- 
ual tasks, problems with clear-cut 
solutions, and details. Managers, on 
the other hand, have to see the 
larger picture. You'll have to under- 
stand not only all the technological 
aspects of the project at hand, but 
also how it fits into the company’s 
business plans. No matter what 
level you’re on as a manager, you'll 
be expected to know how your firm 
markets, sells, and services its 
products. 

You'll also have to learn how to 
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get things done within your com- 
pany. “[A new manager] has to un- 
derstand who makes the budget de- 
cisions. He has to understand who 
the power decision makers are. He 
has to know that when he needs to 
do something he has to get this per- 
son signed up. You have to under- 
stand how your organization really 
works,” says Ganousis. 

After you’ve weighed the pro’s 
and con’s of a move into manage- 
ment, you should also get some 
first-hand information. Talk to man- 
agers who were once engineers. 
Find out what they like and dislike 
about. their jobs. Ask them what 
difficulties they faced making the 
transition and how they handled 
them. If they could make the deci- 
sion again today, would they still 
choose to become managers. 

You can get a good idea of what 
managers do on a day-to-day basis 
by observing your own manager. 
When he was working as an engi- 
neer, Dan Ganousis watched how 
his manager handled problems as 
they arose. “I asked myself what I 
would do if I were the manager. 
Would I do this? Would I do that? 
It turned out that I was generally 
making the right decisions. It 
helped me develop confidence in my 
ability to make decisions.” 

Making decisions is an inescap- 
able part of a manager’s job. Some 
people don’t like to make decisions 
because they’re afraid they’ll make 
mistakes. But making an occasional 


bad decision is inevitable, and you 
have to learn to accept that. You 
have to be prepared to take some 
of the blame when things go wrong. 
When you’re a manager you can 
delegate work, but you can’t dele- 
gate responsibility. The ultimate 
responsibility will always remain 
with you. 

If the opportunity arises, volun- 
teer to be the leader of a project 
or to take on some other kind of 
short-term responsibility. In that 
way, you'll gain some actual mana- 
gerial experience. You'll find out for 
yourself what it’s like to make as- 
signments, allocate resources, and 
deal with personality problems. 
There’s no substitute for personal 
experience. 


Making the great leap 


If you do decide you want to 
move into management, don’t grab 
the first postion that’s offered. 
Make sure it’s right for you. If your 
company has written job descrip- 
tions, read the one for the open po- 
sition carefully. If any details aren’t 
clear, ask questions. Find out how 
much authority you will have as a 
manager. Don’t end up with an 
empty title. 

Also find out about the group you 
may be managing. Suddenly having 
authority over people you’ve been 
working alongside for years can 
present some problems, but being 
made manager of a group youre un- 
familiar with can create even more. 





214 = EDN May 21, 1992 









hy Thousands of 








real-time 





re-emptive 















powerful: compact (28K); P 
®exrnel proven an thousands of demanding 
applications - 5.7 us interrupt servi 
Latency: 14.38 us cask switch 
Modular design using position” 
code and date objects - uses UNIX 
stomize an 


re-entrant 
Fasy ©° Cu 

























eamless UNIX ( 
pment env 


"cross develo 
development support £ 





TDevelopment Tools 


















Language 
\ Debugging 
| Produotivity Tools advanced © 
High-per formanc® Tcp/iIP (902.3) smplementation- 
work (BootP) - complete 


remote Poot ing across a net 
implementation of NFS version 2. fers ene eer) 
ARCNET (smc Dat ial support - 
3 viir4 (both client 
RAVE (Real-Time Audio/ 


rsion 4.1.1. 
nment ) for real-time graphics an 









qa point 




















% Window 
-osF/Motif ve 
vyideo Enviro 
multimedia. 








’s Recommendation: 


Fes 


Engineer 






all Microware Today! 


A00-475-9006 


In Californi 





Engineer: 





—~ noone — 


MICROWARE SYSTEMS CORPORATION 
RATION 


desig 
-9° into thous 
ands of d : 
ema : 
nding 680X0 applica- 
France / Spain / It 
.98.63.00 


tions. Call Mi 

_ a | Micr 

7 oware’ tod 

ay to 
y to put OS-9 to work for yo 
yOu. Germany: (49) 6221-862091 * Swed 
: € : 
Switzerland: (41) icra iee ee 


: 


CIRCLE NO. 135 




















EDN-PROFESSIONAL ISSUES 





“It can really be difficult for some- 
body to start off with a group that 
has a history behind it, that has an 
existing grapevine and interper- 
sonal relationships and so forth,” 
says Johnson. 

After you’ve evaluated the man- 
agement position that’s available, 
find out how much support your 
company is willing to give you. 
Does it have in-house training 
courses for new managers? Is it 
willing to send you to courses out- 
side? What is the company going 
to expect from you? And how much 
independence will it give you to do 
your job? 

You should also do some research 
on the economic condition and direc- 
tion of your company—find out if 
your firm is growing or not. Ask 
about your company’s plans for the 
future and see if your group fits into 
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This 101-page collection of articles was developed 
by Bob Pease, senior scientist in industrial linear- 
IC design at National Semiconductor Corp. and 
world-renowned analog-circuit designer. 

Don't miss this exclusive reprint. Learn about trouble- 


shooting analog circuits as only Bob Pease can tell it. 
This reprint is yours for only $26.70 (U.S.A.) or $29.95 


those plans. Find out how much job 
security managers have in your 
company. Take a look at the current 
job market. You may be better off 
remaining where you are and in- 
creasing your engineering knowl- 
edge and skills. 

Finally, before you accept a man- 
agement position, you should do 
what many people find extremely 
difficult—take a good look at your- 
self. Evaluate your potential to be 
a manager as objectively as possi- 
ble. Try to determine your 
strengths and weaknesses and see 
how much they will help or hinder 
you. For example, as a manager 
you will have to deal with people 
every day, and most engineers have 
no training in how to do that. Ask 
yourself if you have the potential 
and the desire to develop your skills 
in managing people. 


More Pease Please! 


Because so many of you have asked for Pease, 
we've put all 12 parts of the Troubleshooting 
Analog Circuits series published in EDN into one 
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1 ¢ Troubleshooting is more effective with the right philosophy 

2 ¢ The right equipment is essential for effective troubleshooting 
3 ¢ Troubleshooting gets down to the component level 

4 A knowledge of capacitor subtleties helps solve capacitor-based troubles 
) ¢ Follow simple rules to prevent material and assembly problems 

6 ¢ Active-component problems yield to painstaking probing 

7 ¢ Rely on semiconductor basics to identify transistor problems 

8 ¢ Keep a broad outlook when troubleshooting op-amp circuits 

9 ¢ Troubleshooting techniques quash spurious oscillations 

Part 10 ¢ The analog/digital boundary needn't be a never-never land 

Part 11 ¢ Preside over power components with design expertise 

Part 12 ¢ Troubleshooting wrap-up 


Company 


Many reasons for becoming a 
manager are important—money, 
power, prestige—but they’re not as 
important as personal satisfaction. 
The final question you have to ask 
yourself is whether you will find 
more satisfaction as a manager or 
as an engineer. Only you can decide 
what you really want. EDN) 


Jay Fraser, Asso- 
ciate Editor, can be 
reached at (617) 
558-4561, FAX 
(617) 558-4470. 
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This advertising is for new and current products. 





Please circle Reader Service number 


: | ¢ Excellent Support 


| New Keyboard © 











for additional information from manufacturers. 





_| MICROCONTROLLERS 
. C Programmable | 
| ° Data Acquisition 

© Control / Test 


* From $159 Qty 1 
. Display Modules 


‘Use our Little Giant™ and Tiny Giant™ miniature control- 
_ lers to computerize your product, plant or test department. 


_| Features built-in power supply, digital 1/0 to 48+ lines, 


serial 1/0 (RS232 / RS485), A/D converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 


- memory, watchdog, field wiring connectors, up to 8 X 40 


LCD with graphics, and more! Our $195 interactive Dy- 
| namic C™ makes serious software development easy. 
_ You're only one phone call away from a total solution. 
Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 


Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog #18) 


CIRCLE NO. 325 


DAR is the only EDA Directory 
Source you will ever need. 


DAR (Design Automation Research) is an electronic 
directory. DAR can save hours in searching for ASIC 
and CAD/CAE vendors. DAR supports the entire 
top-down design process from CONCEPT to 
REALITY. DAR requires a PC with a hard disk. 


e Select vendors’ suite of design tools from a 
search form. 


e Pull-down menus. 


e Performs powerful search statements. 

@ Works with Microsoft-compatible mouse drivers. 
‘e Each field contains a search word list. 

e Updates occur on a quarterly basis. 

e $395 annual subscription fee. 


Call for a FREE evaluation disk. 


J)XION 


16321 Gothard Street, #F, Huntington Beach, CA 92647 
714/848-3477 
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WW Oe 


‘The Best 8051 Emulator’’ 






Best Value in the World 
for 










DAY TURN 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES 


5 ft. cable 


8051 


PC based emulators for the 8051 family 

8031, 8032, 8051, 8052, 80C152/154/321/451/452/51FA/51GB/515/517/535/537/ 
552/562/652/851, 80532, 83C451/552/652/751/752/851, 8344, 87C451/552/751/ 
752, 8751, 8752, DS5000 + CMOS ... more. 

@ PC plug-in boards or RS-232 box. 

@ Up to 33 MHz real-time emulation. 

& Full Source-level Debugger wicomplete C-variable support. 
& 64 bit wide, 256k deep trace, with time stamp. 
 Bond-out/hooks pods for 8051, 83C552, 83C451, 83C652, 


SEE EEM 91/92 
Pages D 1300-1303 


















M 5 PIECES x 1.34 
M@ 10 PIECES x 1.67 


DISCOUNTS 


















EXTRAS 




















83C751, 80C515/80C517, 830752, 8XC51FA/FB/FC, and more. @ Photo Plotting 0 “FO 
Wi Testing 10 % 5 % 
Gold Contacts - $50 @ COD @ NET 10 
CALL OR WRITE FOR FREE DEMO DISK! @ CREDIT CARD 









Ask about our demo VIDEO 25% — Below 8 Mil 






SALES 


51 E. Campbell Avenue | Call 408-378-2912 FOR MORE INFORMATION CALL OR FAX 
NOAA carseat ce sscss | Nests thes 
FAX (408) 378-7869 information center to Ken Bahl 














CORPORATION (408) 866-1820 


Sierra Circuits, Inc. 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 
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receive info via your FAX 
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UNIVERSAL PROGRAMMER, EMULATOR & TESTER A ROM AIT 
TUP-400 $745.00 Pe =e mM PRG POLAEE| LEPC 
TUP-300 $645.00 Se < EPROM EMULATION SYSTEM 
@ eee hardware and m : os eee 
l@ The most complete PC-based Universal 
poreee Morena ae % NEW 
FPL, EPLD, PEEL, MAX, MACH. . .), E(E) PROM 
(up to 16 Mbit), Flash EPROM, BPROM, Special 2) 4- M EGAB IT 
PROM, MPU (87XX, 68XX, Z8, PSD301, PIC16XX, 
TMS320EXX, UPD75PXXX, HD637XXX.__). U VE RS i O N 
@ Covers DIP, ree QFP, SOP, and PGA with 8 to Mm 
84 pins. Ga ing adapt 
a ie eee D 
St TN coat. é = Emulates up to 8 = Accepts Intel Hex, 
a Tests digital ICs and DRAMs (SIMM/SIP adapter DH 4-Megabit EPROMS with Motorola S-Record 
. . be aie one control card. and Binary files. 
devices added upon request. m@ Downloads 2-Megabit m Software available 
@ |C'Manufacturers’ approval. ~ programs in less than for IBM PC and 
1 year warranty, 30 day 23 seconds. compatibles and 
SE 0 @ Allows you to examine Macintosh ayers. 
Supports Motorola and PIC MICROS, WSI PSD 3XX, MAX and MACH. 0 and modify individual : pe Seren 
bytes or blocks. ystem - er 
CALL TODAY : ; ; 
E0R MORE cuteacres = configurations available. 
Distributors are welcome! YN ORDER TOD AY--IT’S 5 ASY 
eeeeemcmmecwons CALL OR FAX FOR MORE INFORMATION 
Tribal Microsystems Inc. incredible Technologies, Inc. 
44388 S. GRIMMER BLVD. FREMONT. CA 94538 (708) 437-2433 
HIT] TEL: (510)623-8859 (708) 437-2473 Fax 
FAX: (510)623-9925 VISA now accepted. 
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Fuzzy Logic 
Training 
| <i 


Introduce yourself to the hot technology 

| of the ‘90s! The ADS230 Fuzzy Logic 
_| Applications Development Kit gives you 
| hands-on exposure. The PC-compatible 


card includes an NLX230 MircoController | 


— allowing you to develop and test appli- 
cations for hardware-based fuzzy logic. 
The kit includes all necessary controlling 
software and documentation. _ 


From America’s fuzzy $395 


logic leader! 
NeuraLogix 411 Central Park Dr. 
Sanford, FL 32771. 


407-322-5608 Fax 407-322-5609 
CIRCLE NO. 331 


48 Channel 50MHz Logic Analyzer 


Complete System $1895.00 


_ New Windows 3.0 Compatible Software 


¢ 48 Chnnis @ 50 MHz x 4K words deep 

¢ 16 Trigger Words/16Level Trigger Sequence — 

¢ Storage and recall of traces/setups to disk _ 

¢ Disassemblers available for: 68000, 8088, 8086, 
6801, 6811, 280, 8085, 6502, 6809, 6303, 8031 


NCI G1 6438 UNIVERSITY DRIVE, © 


HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837- 5221 
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S Epo a e 
: abs E/EPROM PROGRAMMER 


os weve PROGRAMM 


- Supports all E/EPROMs on 2716 to 8 Mbit, inch 
ing 16-bit wide EPROMs _ 


| {4 Supports all dédvatives of the 87051 feiedly of 
_|pcontrollers from AMD, INTEL and SIGNETICS : 
4 Contains a built-in file editor for edit ng! EPROM data 


jin Hex, ASCII, Binary 
14 Works with any speed PC via the ee printer port 
4 Qualified be Intel, NS, Signetics and others. 
- Includes lifetime FREE software updates via 1 BBS. 


The Ean ST Prograina 


| Houston, Texas 77043-3239 + (713) 461-9430 + (713) 461-7413 


@ FREE DEMO DISK! 


8 Runs on PCACTATIONGIIE6 
with Herc, CGA, EGA, VGA. 


© Design Single sided, Double 


e Provides Surface Mount 
support. : 
_ | e Standard output includes 
Dot Matrix / Laser / Inkjet — 
Printer, Pen Plotter, 








Photo-plotter and N.C. Drill. 


e Award Winning EASY-PC is 
now in use in over 12,000 
= Installations in 70 
Countries World-wide. 
@ SUPERBLY EASY TO — 
LEARN AND USE. 


@ Not Copy Protected. 


SS Options:- 1000 piece symbol library $75.00, 
Surface Mount library $112, Gerber import facility $195.00 | 


For full info’, write, fax, call or use Inquiry # 1 


Number One Systems Ltd. 

REF: EDN, HARDING WAY, ST.IVES, HUNTINGDON, 

CAMBS., ENGLAND, PEW 4WR. : 

Telephone: : Fass | 

USA: 011-44-480-61778. USA: 011- 44-480-494042 AMEX,VISA, 
Intnl:- +44-480-61778 Intnl:- +44-480-494042 MasterCard 
UK :- 0480 61778 ~—UK:- 0480 494042 Welcome 
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UNIVERSAL PROGRAMMER & 


TESTER MODEL: U-1_ 


a Disassemblers for 8748/49/50/51 

m@ The most complete PC-based 
Universal programmer for — 
PLD (EPLD, PAL, PEEL, CPL, GAL.,...), 
E(E)PROM, PEROM, BPROM, 
SERIAL (93CXX), MPU (Z8, 87XX, 
68XX...) : a 


18 Ot. 
UL, COMS, OPTO, DRIVER 
75XX), SRAM, DRAM, 1/0 Chip — 
6821, 8243, 8155/56, 8255/59), 
overs DIP, PLCC, SOP, DRAM 
* MODULE (SIMM, SIP), Gang $649 
programming adapters 


Distributors are welcome!! 


— 16 BIT ACTIVE SLOT 
Model PCFACE-IIi = 
~ m@ for PC XT/AT/386 extension inter- 
face & protector 
Remove and insert the add-on 
cards without powering off PC’s 
operation. 
w@ Protect P€’s from the damage 
caused by faulty add-on cards. 
$299 m Improve productivity during testing. 


~ Bivaw LEAP ELECTRONIC CO. LTD. 
S Nr? 642 SUNFLOWER AVE PLACENTIA CA 92670 | | 
: MTEL: (714)9618791 FAX: (714)5048096 
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Geet 170 different ioe are supported in this | 
| | high- -performance software/hardware environment for as- | 
A sembly language Seba Call today for a FREE 
| | ECAL Demo Disk. 
| | Fort more ‘iononno 


: ie ton Silicon_ ‘con aon _| a 
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sided and Multilayer boards. 


’ fv. 516-273-0404 


5 Volt Flash ? 


e 64k x 8 
— e@ 5 Volt Only — 
e e Byte Write = 
° No Erase Cycle Req jired 
© Totally Self Timed — 
e PLCC, LCC, DIP, TSOP 
- Packages . Available 


: Saale. of the X28C512 a 
available at your local Xicor 
Sales Office. | 


Wa Xicor, Inc., 1511 Buckeye Drive, a 
Cor Milpitas, CA 95035 : ee 
® (408) 432-8888 -— FAX (408) 432-0640 3 
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EXTEND VGA & 


| VGA Extender™ eo 
-@ Extend VGA, Keyboard, & PS/2. Mouse 
up to 700 feet @ Continuous Keyboard 
circuit prevents CPU crash when keyboar 
is disconnected ™ Simple extension c ble 
compensation @ Extension cable is avail 
able @ $795. 00, one (1) year warrant 


| ($Speciatties, Inc. 


__FAX: eee 
_CIRCLE ENO. 336_ 3 


RELIABILITY PREDICTION 
SOFTWARE 


_ ARE YOUR PRODUCTS RELIABI 


| a The RelCalc 2 Software Package auto 
| reliability prediction procedure of MI 


217, or Bellcore, allowing quick and ea 


reliability analysis of electronic products 
ed PC. is Aplentictigen es, time cor 


= Very easy to ean ae use; 


_® Part library for rapid recall . 


= Global editing functions for wha 
# Reports which clearly organize 


| = Save time & money as you desig 
te Uys our Demo Package today for | 


ystems, 31220 La Baya 
sae Village, CA i3) 















An Established Foothold In 
The Device Programming Arena 








IMPEDANCE MATCHED 
96 POSITION DIN 
CABLE ASSEMBLIES 


Meritec's impedance matched 96 Position DIN Cable 
Assemblies feature an internal PCB which allows 
programming of grounds and signals to customer 




























ADVIN versus DATA I/O The Traditional 


Be acy pogo ae specifications. The high speed, low noise, controlled 
° : reputable company, : 
dependable equipment, supports 40-pins. Sas impedance assemblies are designed for TTL fast Market Leader In Japan 


and fast CMOS logic. For more information, call 
Meritec at (216) 354-3148. 


MERITEC™ 


A DIVISION OF ASSOCIATED ENTERPRISES 


updates: fair amount. 

¢ Advin and PILOT-U40: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: free via electronic BBS. 


ADVIN SYSTEMS INC. 


Smaller Company, Better Service. 
800-627-2456, 408-243-7000, Fax 408-736-2503 
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US. Tel. / Fax 1-619-727-4683 / 5232 
Europe Tel./Fax 353-1-2892136 / 2892070 
Japan ‘Tel. / Fax 81-3-3344-2001 / 2007 
Daisan Maruzen Bldg., 6-16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160, Japan. 


AVAL CORPORATION 
CIRCLE NO. 342 









































programmable US 
PC-based * 895 a9 


PALTER 
GENERATOR 


40 MHz, 9 channels at 8KB. Connected 
to the parallel printer port of any PC. 
FREE Demo Software available. 

For more information call 
or fax us, today 


WITTIG TEST TECHNOLOGY Inc. 
P.O.Box 8162 WHITE PLAINS, N Y 10602-8162 
EF (914)-948 2606 fax: (914)-948 2641 
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EasyPart — The easy way | 1991-1992 handbook features 
of selecting parts with°OrCAD 86 pages of the latest infor- 
For each part on your Schematic, EasyPart mation on our complete line 
scans your database and lists possible solu- of communication, data ac- 
tions, and as you pick one, all information quisition and waveform syn- 


is merged to the schematics. H 100% thesizers. 
userdefined partlist with information from 


both the Schematic and database Ill Fills out 1-800-553-1170 


partfields with Footprint, Simulation model 


etc. MH Secures error free link between 
development and production. Call for a free G2 GCUATECH 
demo: 


Nordcad 662 Wolf Ledges Parkway 
Oestergade 36, 9400 Nrsb, Denmark Akron, Ohio 44311 
TEL: +45 98173299 FAX: +45 98173741 (216) 434-3154 
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SVAS SS Ses ee Se SS 


State Machine 
Design 


For Complex & High Density PLDs 


iceMASTER 


Your Window 
To Emulation 
Productivity 
le Easy to learn & use 
| m= Windowed interface -- 



















user configurable 
. : me we EPL rymegengeen| @ FAST! Download -- 
Build a control system right at the — tt <3 sec.typ.at 115KB 






m Source Level debug 
@ AAK frame trace buffer with advanced searching capabilities. 


m iceMASTER connects easily to jor PC, requires no disassembly, or expansion 
slots. Works on any PC (DOS or 05/2), MicroChannel or EISA. Even laptops! 


m iceMASTER is versatile: iceMASTER-805 1, iceMASTER-68HC1 1 and 
iceMASTER-COP8 support most family derivatives. 


= Rental and 10-day trials available. 
m 68HC11 A,D.EF; 8XC528; 8XC552; 8XC51 5A and 8XC51 7A support. 
m Call today for free demo disk and ask about a free 


8051 Macro Assembler! (800) 638-2423 


1’, Meta 


Metalink Corporation PO. Box 1329 Chandler, Az 85244-1329 






point of action for only $198 with 
Basicon's MC-1i Programmable Micro- 
controller. BASIC-52 Processor on 
3"x4" PCB; 36 I/O lines; 8k-byte 
CMOS RAM; RS-232 interface; 8 inter- 
rupts; realtime clock; Baud to 19200. 
Complete line of peripherals available, 
including power supply, A-D con- 
verter, opto-isolated terminals, key- 
pad/display, programmer. Basicon, 
Inc., 14273 N.W. Science Park Dr., 
Portland, OR 97229; 503-626-1012. 


















The most powerful PLD/FPGA CAE 
design software from $495.00 


CUPL’ 4.2 


Phone: (602) 9260797 FAX: (602) 926-1198 TELEX: 4998050MTLNK 
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PROGRAMMABLE HAND HELD 


Introducing the PDS: 
¢ Powerful 8051 Based Microprocessor 


¢ Flash EPROM 
e Battery Backed RAM 
¢ Programmable Using Your PC 


e RS-232, RS-422, RS-485 Or IR Interface 
e 4 line by 20 Character LC Display 
¢ Choice of 20, 30, or 45 Key Keypad 


a Low Cost 





Horsham, PA 1 


= , o 419 Sargon Wa 
4 


Fax: (21 
CIRCLE NO. 349 






MINI/BUS® BARS 











e Eliminate up to half the 
decoupling capacitors 


2400 S. Roosevelt St. 












BS Care, 
oF 
5 RSs 


Free C 





® Socket Converters 


Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
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SAVE SPACE WITH 


Two Technologies, Inc. 


044 


Phone: (215 441-5305 
441-0423 





e Improve power distribution 
e Reduce required board layers 


e Fit between or beneath IC’s 
e Also available in surface mount 


Send for Circuit Components 
Mini/Bus® Bars Application Bulletin. 


Circuit Components Inc. 


Tempe, AZ 85282. 602/967-0624 
CIRCUIT COMPONENTS INC. 











atalog 
The World’s Largest Collection of Adapters & 


Accessories for VLSI/Surface Mount Devices 


® Emulator Pods & Adapters ® Debugging Accessories 
® Debug Tools @ Prototyping Adapters 
® Programming Adapters ®@ Custom Engineering 


ET 





HIGH DENSITY CIRCULAR PROCESS AND 
MEDICAL EQUIPMENT CONNECTORS - 









D Series 7, 9 and 12 contact cable to cable and chassis connec- 
tors provide MIL quality contacts in impact resistant Polycar- 
bonate housing. Keyed simple push button lock minimizes use 
problems. Solder cup or crimp contacts are useable in either 
housing. Contact: HYPERTRONICS CORPORATION, 16 
Brent Dr., Hudson, MA 01749. (800) 225-9228 (In Mass. & 
Canada (508) 568-0451) FAX: (508) 568-0680 
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ABEL-PLD: 


Logic design for less. 
























@ 150 PLD @ Intelligent 
architectures synthesis and 
supported (more optimization 

than 4000 devices) @ Upgradable to 

@ Uses ABEL™ full-featured ABEL 
Hardware Design Software 
Description 

Language 1-800-3-DatalO 
(ABEL-HDL™) (1-800-332-8246) 






Direct today 


/ ), Call Data 1/O® *US. list price only. 
fa to order 
ABEL-PLD. DATA I/O 
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CMOS 186 


Single Board Computer 
Runs C or QuickBASIC™ Programs 


Powertul 16-bit computer directly executes 
EPROM's containing any C or BASIC .EXE file. 
NO LOCATORS! Software includes multi-tasking, 
multi-drop comm, PID control, OPTOMUX.™ 


§ 


e 10, 12, 16 MHz 80C 186 
e CMOS design 

e 512K RAM 

e 384K EPROM 

e STD BUS Expansion 

e COM] RS232/485 

e COM2, LPT] 

e RIC Avail 

e 80C 187 Avail 

e OEM discounts 


» MIiCRO/SYS 


3447 Ocean View Blvd., Glendale, CA 91208 
(818) 244-4600 FAX (818) 244-4246 


aecee 
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NEW FULL LINE 
SAMTEC CATALOG 
AVAILABLE 


Samtec’s new Full Line Catalog 
F-192 includes many new intercon- 
nects. Micro (.050” and 2mm) 
centerline, high density, surface 
mount, low profile, board-to-board, 
screw machined socket and terminal 
strips, DIP’s and PGA’s, .025” square 
headers and sockets, low cost stamped 
and formed socket strips, and IDC 
cable assemblies are shown. 

For more information, contact 
Samtec, Inc. P.O. Box 1147. New 
Albany, IN 47151-1147. Telephone 
812-944-6733, Telefax 812-948-5047. 
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Save $1000 on 
our entry-level logic system. 


@ Includes the 212 ® Full-hex keypad 
Multi Programmer for extensive editing 
with logic module, ®@ Optional EPROM 
ABEL-PLD™ and and microcontroller 
PROMIink™ Ltd. modules 

PC Interface 

Software 

@ Supports 20- 

and 24-pin CMOS 1-800-3-DatalO 
logic devices (1-800-332-8246) 




















4 Call Data I/O® *US. list price only. 
bz »/ Direct today to 
order the 212 
a PodcSsem.  DATALVO 
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Control Cross-C 


Full ANSI Cross-C Compilers & Assemblers 





















¢ HD64180, HD647180X, Z80, 7180, Z280 & NSC800. 

¢ DOS based cross-compilers for ANSI and K&R C code. 

¢ Completely automatic MMU support (no program- 
ming effort) for UP TO 1 MEG Z180 programs. 
Includes HD64180/Z180 support library with source. 
Complete with high-speed assembler, linker, and librarian. 
Includes macros to interface C and assembly. 
All ANSI .H files and libraries provided. Source available. 
Char types are not promoted to int. Generates inline port I/O. 
Allows in-line assembly with access to C variables. 
All code is reentrant and ROMable. 
Fast ANSI/TEEE 754/INTEL floating point support. 
Supports C ISR’s. Can compile to user defined segments. 
32 functions of real-time exec. (RTX) accessible from C. 
RTX - up to 256 tasks, queues, & boxes w/ full interrupt 
support. 

ANSI C Compiler, Assembler, Linker - $699 

Assembler and Linker Only - $279 
32 Fn. Real-Time Executive incl. Source - $399 
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tO) tl KO1O) Bee fy Oe 
8770 Manahan Drive 
Ellicott City, MD 21043 
(410) 750-3733 
FAX/BBS (410)750-2008 
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VMAX® 386DX COMPLETE COMPUTER 
¢ FAST, 80386 DX 40Mhz processor 

¢ COMPACT size, AT Bus or stand alone 

¢ 100% DOS Compatible, AMI, BIOS 

¢ CONTROL SVGA, IDE, FDC, 2Ser, Bi-Par 

e SOLID STATE DISK 2 drives to 1.5 Meg 

e SOFTWARE included for SSD, EMM, VGA 
e CACHE to 128K. DRAM to 48M 

¢ Made in the USA, 1 Year unite 

¢ $1195 Qty 1 OK 


TEMPUSTECH, INC. 
TEL: (800) 634-0701 295 Airport Road 


FAX: (813) 643-4981 Naples, FL 33942 
CIRCLE NO. 758 









PRALC CE E also supports Turbo Dchenger 
E ROM, FreeForm, GDB, and more. 





MacABEL 
PLD Design on the Apple Macintosh! 


Data I/O's industry-standard ABEL PLD design package is now 
mvailable on the Macintosh, exclusively from Capilano Computing! 

» Use Boolean and integer equations, state machines and truth tables 
fo describe your design * Communicates directly with any serial PLD 
Drogrammer * Best device support in the industry, including ALTERA, 
‘AMD, ATMEL, CYPRESS, GOULD, HARRIS, ICT, INTEL, LATTICE, 
NATIONAL, RICOH, SAMSUNG, SGS, SIGNETICS, SSS, TI, VTI and 
others - Interactive "in-circuit" schematic entry and simulation when 
essed with DesignWorks 


Dall (800) 444-9064 Today for your free Demonstration Kit! 
Capilano Computing 
FAX: (604) 522-3972 
(604) 522-6200 
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Real-Time 


t Hierialive! 


Circuit Sicaslation 
© AC, DC, Transient, Fourier, Temperature, MonteCarlo 
and/or Worst-Case Analysis © Interactive or batch modes 
¢ Full nonlinear simulation ¢ On-line real time graphics 
© Multiple plots ¢ 2 to 50 times faster than SPICE 
© Component optimization sweeping ® New 424 pg. manual 

All the Features, Twice the Speed 
at Half the Cost 


Call for FREE DEMO! 


UL, 


Tatum Labs, Inc. 
1287 N. Silo Ridge Dr, Ann Arbor Mi 48108 USA 
313-663-8810 
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MIL-STD-1553 


TEST EQUIPMENT 

© Complete error injection/detection capability for 
1553 A/B terminals and systems 

e Simulates a Bus Controller, up to 32 Remote 
Terminals and/or a Bus Monitor 

e Supports all phases of testing: Development, 
Validation and Production 

© Dynamic/Real-time simulation 


2-DAY SEMINAR 
® Comprehensive discussion of MIL-STD-1553 
and testing 
e@ Labsession illustrates 1553 communication and 
provides experience in trouble-shooting 
© Offered in Phoenix three times a year and 
available on-site 


VALIDATION TESTING 
Approved by the Air Force 
Testing to the RT VALIDATION TEST PLAN 
Approved test procedure and test report 
Assistance in analyzing test results and trouble- 
shooting 


TEST SYSTEMS, Inc. —— 


217 W. Palmaire ¢ Phoenix, AZ 85021 © (602) 861-1010 
Supporting MIL-STD-1553 since 1979 
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DC/CAD 


_ introducing — 



















































Super High Density Router 
(Complete with Schematic & PCB EDITOR) 


Features the following powerful algorithm & capability: 
¢ Rip-up and Retry 














e Pre-routing of SMT components 

* Real-Time via minimization call fo 

° Time clean up 

reper ace 200°" 
* Window 3.0 capability as DOS Task ye ra 438 
¢ 1-mil Autoplacer and Autoplanning $28 

¢ Two-way Gerber and DXF 


¢ Automatic Ground Plane w/ Cross Hatching 
© Complete w/ Schematic & Dolly Libraries 
¢ Optional simulation capability & protected mode for 386 users 


* PCB LAYOUT SERVICE AT LOW COST * 
LEASE PROGRAM & SITE LICENSE AVAILABLE 











1771 State Highway 34, Farmingdale, NJ 07727 
(908) 681-7700 + (908) 681-8733 (FAX) 


“DCICAD...The focal! point of future CAD market” 
CIRCLE NO. 765 














PLCC PROBING 




















IN SOCKET 


® Probe socketed PLCC chips 
® Lowest profile socketed PLCC PROBE 
® Mechanically and electrically reliable connection 
® Choice of PLCC, PGA, LCC, cable (top socket) 
© Sizes from 20 to 84 pins 
© Optional height extender 
© Custom design services 
IRONWOOD ELECTRONICS 


P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 
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FOR 8XC751/2 MICROCONTROLLERS 













Real time and transparent in-circuit emulator, 
supports Philips/Signetics 83C751/2 and 87C751/2 
microcontrollers, Symbolic Debugger compatible 
with Intel object files, Source Level Debug for C 
and PLM, 2K hardware breakpoints and conditional 
breakpoints, 2K of internal memory, 64K Software 
Trace, serially linked to IBM PC or compatible 
hosts, On-line Assembler and Disassembler, easy 
to follow pull-down menus and windows, small size 
1” x 5" x 6” (2.4cm x 13cm x 15cm). 

Also available from CEIBO: Microcontroller and 
EPROM Programmers, Development Boards and 
other Emulators. 


Cc E[ BO 1 BALLARD TERRACE LEXINGTON MA 02173 
TEL: 617-863-9927 FAX: 617-863-9649 
ISRAEL: 
MERKAZIM BUILDING, P.O.BOX 2106 HERZELIA 46120 
TEL: 972-52-555387 FAX: 972-52-553297 
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Single Board Computer 





























6809 MPU, 2 serial ports, 4 parallel ports, 2K to 
56K RAM, up to 62K EPROM, real-time clock, 
watchdog timer, 44-pin 4.5" x 6.5" PCB 
EXPANSION MODULES: Additional memory, 
analog 1/0, parallel 1/0, industrial digital 1/0, 
serial 1/0, IEEE-488, floppy disk, breadboard 


® Wintek Corporation 
AAWINTEK 1801 South Street 


Lafayette, IN 47904 


(800) 742-6809 or (317) 448-1903 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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EDN-CAREER OPPORTUNITIES 





1992 Recruitment Editorial Calendar 


Issue | Ad cee 
Issue Date Deadline - Editorial Emphasis 
Magazine June 18 May 28 Microprocessors ® Electromechanical Devices ® ICs & Semiconductors 
Edition 
SOFTWARE June 18 May 28 SOFTWARE ENGINEERING SPECIAL ISSUE (To be polybagged with the June 18th 
ISSUE Magazine Edition issue) 
News June 25 June 11 MILITARY ELECTRONICS SPECIAL ISSUE © DSP Hardware ® Military Electronics 
Edition © Regional Profile: Florida, Alabama 
Magazine . July 6 _ June 11 INTERNATIONAL PRODUCT SHOWCASE—Vol. I © Hardware & Interconnect 
Edition ® Software ® ICs & Semiconductors ® Power Sources 


Call today for information on Recruitment Advertising: 
East Coast: Janet O. Penn (201) 228-8610 
West Coast: Nancy Olbers (603) 436-7565 
National: Roberta Renard (201) 228-8602 


SIEMENS 
Video Design Engineer 


Quantum Medical Systems and Siemens Ultrasound, Inc. is a 
partnership promising incredible challenge in the diagnostic 
ultrasound market. Our worldwide ultrasound headquarters, 
located 10 miles east of Seattle, Washington, offers a pro- 
gressive and exciting environment. 


Currently, we are looking for a staff level Engineer to create 
system level design specifications for all video and video 
related equipment for an ultrasound system. 


Qualified candidates should have 8 years of both high speed 
digital and analog video design experience with broad knowl- 
edge of specialized video components and circuitry. Expert 
knowledge of NTSC, CCIR, PAL, RGB, and EIA video standards, 
along with design level knowledge of high speed digital video 
circuitry and graphics VLSI ICs desired. 


We offer excellent compensation and benefits, including 
immediate 401(k) and tuition reimbursement. Please send 
your resume in confidence to: Siemens Quantum, Inc., Human 
Resources, Attn: C34, P.O. Box 7002, Issaquah, WA 98027. 


Siemens Quantum, Inc. 


We are an Equal Opportunity Employer and value 
the diversity of our team members. 
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At RF Communications, a division of the $3 billion, Fortune 
200 Harris Corporation, we’re dedicated to providing innova- 
tive and cost-effective solutions for our commercial and gov- 
emment customers by providing products, systems and ser- 
vices of the highest quality. The growth of our domestic and 
international business has created opportunities for a number 
individuals with a BSEE or equivalent (MS desirable), 3+ 
years’ experience, and the ability to obtain US Security Clear- 
ance 


DIGITAL HW - Design, analysis and test at the assembly 
and equipment level. Req exp: ROM-based embedded micro- 
processors, serial interfacing, interrupts, real-time program- 
ming. INTEL exp a plus. 


FIRMWARE - Design and implement embedded processor 
applications (8 & 16 bits); program in high level lanquage 
using top down structured design. Real time applications pro- 
gramming exp req; INTEL exp a plus. 


RF - Develop hardware for receivers, exciters and power 
amplifiers. Requires RF and/or analog design exp in HF/VHF 
or UHF circuit design and top level radio testing. 


DSP DESIGN - Requires DSP assembly language and “C” 
programming exp. Digital radio, mod/demod, and AGC 
algorithm design exp a plus. 

SW - Design, develop and test SW for Video Imaging. Req 
exp: prod dev, video imaging, “C”, DOS, PC/AT platform, 
formal SW dev process. 


SYSTEMS ENGINEERING - 5-8 years’ exp in analysis, 
design and development of HF/VHF/UHF microwave commu- 
nications systems including equipment specification, 
selection, system interface, propagation, colocation analysis 
and antenna specification/design. Network experience a plus. 
For prompt consideration, please send resume and salary 
history to: HARRIS CORPORATION, RF Communications 
Group, HR Dept. EDN, 1680 University Avenue, Rochester, 
NY 14610. Equal Opportunity Employer M/F/H/V. 


i HARRIS 








INFINITE 





CHALLENGES 


E-Systems ECI Division is in need of engineers with military 
satellite communication experience (ground, manpack/ 
manportable, airborne, or spaceborne); a BSEE/BSCE; and at least 2 
years’ experience in one of the following areas: 

SOFTWARE 

° ADA, C 

¢ 1750A, of 68020 Microprocessors 

e VAX VMS, Sun UNIX 

e Real-time, Embedded Microprocessor 

© DOD-STD-2167A, CASE Tool 

DIGITAL HARDWARE 

e ACTEL FPGAs 

¢ Microprocessor based systems 

© 1553 bus interface 

DIGITAL SIGNAL PROCESSING 

e Discrete Fourier Transforms 


EMBEDDED CRYPTO 
e Security Fault Analysis 
e TEMPEST, Red/Black Isolation 
e Related interface hardware 

RF and MICROWAVE 
e Synthesizer Design, Direct Digital 
e Power amp and filter design 
© MMIC design 


ANTENNA DESIGN 
e Parabolic Antenna Design 
e Gimbal, Positioner 
e 10 TO 60 GHz 


SYSTEMS 

BSEE/MSEE, minimum 4 years’ experience 
Strong communication background 
Requirements Analysis, Functional Analysis 
System Synthesis, System Analysis 

e RF Link Budget Analysis 

e System Integration/Test 

Customer Interface 

Background: Hardware, Software Architecture Cryptographic; 
BIT/BITE; Antenna Pointing, Tracking, and Platform Stabilization; 
MIL-STD-1582; SI-1135, SI-2035, 111005. 

MILSTAR or other military satellite design experience a plus. 

E-Systems offers very competitive salaries and an excellent 
benefits package which includes an Employee Stock Ownership 
Plan, 401 (k), and major medical and dental insurance. Qualified 
candidates should forward a resume and salary history to: Manager 
of Staffing, E-Systems, Inc., ECI Division, Post Office Box 12248, St. 
Petersburg, Florida 33733-2248. 


= E-SYSTEMS 


The science of systems. 





U.S. Citizenship Required. 
An Equal Opportunity Employer, M/F, D,V. 











in New Hampshire. 





Unitrode’s largest and fastest growing business, Unitrode 
Integrated Circuits Corporation (UICC), designs and manufac- 
tures power management integrated circuits to clients world- 
wide. From our facility in scenic, rural New Hampshire, we 
serve a variety of customers woridwide—primarily in the com- 
puter and telecommunications industries. 


Senior Analog IC 
Design Engineer 


This take-charge professional will assume total responsibility 
for the design and generation of new products from definition 
and refinement through to production, as well-as oversee and 
direct a variety of group projects. You'll also work closely with 
customers, and handle bipolar and/or BiCMOS design. To 
qualify, you must either have an MSEE with 5 years’ related 
experience or a BSEE and 8 years’ related experience. This 
position is also available at our North Carolina facility. 


Senior Photolithography 
Development Engineer 


Through the careful selection and definition of new process 
technology, you'll provide the technical leadership to our 
Process Engineering group. You'll also be called on to research, 
evaluate, characterize and implement vital process projects; 
initiate and execute programs for performance and yield 
improvement; conduct experiments, compile data, issue 
reports and make recommendations on process technology: 
and coordinate technical aspects of interdepartmental projects. 
Advanced degree in Physics or EE and 6+ years’ related experi- 
ence are required, along with a comprehensive knowledge of 
semiconductor physics and a thorough knowledge of general 
wafer fabrication. 


Senior Direct Wafer Bonding 


Development Engineer 

As our primary DWB Development Engineer, you will provide 
technical leadership for our exciting, new DWB projects. A 
Bachelor's degree in Physics or Electrical Engineering and 4+ 
years related experience required. Master’s degree preferred. 


Forward your resume or inquiry to the Personnel Department ie 
at UICC, 7 Continental Blvd., Merrimack, NH 03054. 2 
A non-smoking environment/equal opportunity employer. a os 


INTEGRATED 
CIRCUITS 


eee UNITRODE 


HPL 
HTT 
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MAINS DISTRIBUTION PANELS 


Olson Electronics, a 
leading manufacturer 
in the field of mains 
distribution panels have 
launched a new range of 
panels fitted with IEC 
socket outlets for use 

in the computer 
industry. Safety 
features include: 
@ Fused and Double 
Fused @ Mains RF. 
Filter and Transient 
Suppressor @ RCD 
Protection. All panels 
manufactured to the 
highest standards of 
Safety and quality. 
BRITISH, AMERICAN, 

FRENCH, GERMAN panels available. Most EUROPEAN countries 

catered for. @ All units ex-stock @ 48 hour delivery 


OLSON ELECTRONICS LIMITED 


Tel: +44 81 885 2884 


Fax: +44 81 885 2496 
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Special 
machines: 
we invent the 
tesdiale 
c&nnection 


he automation experts, DYNAFER, take over 
where others give up. When the i esa 


arises of automating a production line we 
invent a special machine. 


From conception to development, DYNAFER’s 


complete service has already proved attractive 
to many ay tacdue 


Contact us. A pre-study into feasibility does not 


Personalized automation 


ee ee ee 





DYNAFER 
14, rue Cerni-LAntoine 


CH-2300 La Chaux-de-Fonds 
Tel. 039/ 26 43 73 Fax 039/ 265 486 


CIRCLE NO. 142 


V3D/VSIO Low Cost Family 


Introducing the newest member of 
Heurikon’s low cost CPU product family 
KH68/VSIO. Featuring 18 RS232 ports in 
synchronous or asynchronous mode the 
HK68/VSIO has up to 4MB RAM and 
runs Real Time Unix, VxWorks, OS/9, 
pSOS+, VRTX. It is a sister board to 
HK68/V3D which has up to 16bMB RAM, 
Ethernet, SCSI, with a 33 MHz 68EC030. 
Prices start from $1795. 


Heurikon Corporation 
Tel: +44(0)}494 883232 Fax: +44(0494 883338 
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books that work the way you work 


Based on the EDN series -- 20% new material 
Troubleshooting Analog Circuits 
Robert A. Pease, 
National Semiconductor 
Don’t understand analog troubleshooting? Relax. Bob 


Pease does. Expanding on his popular series in EDN, this 
book includes all of Bob's battle-tested methods. 
June 1991 208pp. cloth 0 7506 9184 0 $32.95 


Analog Circuit Design: 
Art, Science, Personalities 
Jim Williams, Linear Technology Corp., 
Ediitor 
24 masters of analog circuit design share their experi- 


ence in this comprehensive and useful guide to analog 
theory and applications. 


June 1991 352pp. cloth 0750691662 $44.95 


for more information 


or to place an order call 1-800-366-2665 
M-F 8:30-4:30 E.T. 


BUT TERWORTH-HEINEMANN 
80 Montvale Ave. Stoneham MA 02180 


The EDN Series 
for Design Engineers 
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Whether you speak 01010011 or analog, Philips provides 
you with a complete analog and digital oscilloscope in one 
instrument. With a sampling rate of 200 megasamples per 
second and a bandwidth up to 200 MHz our easy- to-use 4-channel 
oscilloscopes represent state-of-the-art technology. With direct access 
functions. Innovations like a probe mounted button which allows you to 
recall set ups. Perform Autoset. Freeze display as well as display 
measured results. 

In the analog mode, extremely fast update and infinite display 
resolution allow you to see three dimensionally. For instance, the 
distribution of time-jitter. 

The digital mode is impressive. Logic triggering creates a true 
4-channel logic analyzer. It is prepared for HDIV triggering. 


PHILIPS 
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ALLIANCE IN TEST & ME ASUREME 


~010100T1010000T1_— 
1001111 01010000 0100010 





PHILIPS 





The powerful DSO specifications 
give you extensive trace storage 
possibilities. And processing ca- 
ere on your wavelength. Which is why we 





pabilities like FFT. At Philip 
promise you one thing. 


You ll measure better performance 


For further information, call Philips: 

Austria (0222) 60101-1772, Belgium (02) 5256692/94, Denmark (32) 882100, Finland 

(90) 5026371, France (1) 49428080, Germany (561) 501466, Great Britain (0923) 240511, 
lreland (061) 330333, Italy (039) 3635240/8/9, Netherlands (040) 724444, Norway (2) 741010, 
Portugal (1) 683121, Spain (1) 4042200, Sweden (08) 7821300, Switzerland (01) 7452244. 

For countries not listed, write to: Philips Test & Measurement, 

Building TOI-1, 5600 MD Eindhoven, The Netherlands. 


PHILIPS 
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Business/Publishing 
Headquarters 

275 Washington St 
Newton, MA 02158 

Fax: (617) 558-4470 


VP/Publishing Director 
Peter D Coley 
(617) 558-4673 


Ora Dunbar, Sales Coordinator 





NEW ENGLANDI/NY 
Chris Platt, Clint Baker 
199 Wells Ave 

Newton, MA 02159 
Tel: (617) 964-3730 
Fax: (617) 332-7128 


NEW YORK CITY/NEW JERSEY 
Dan Rowland 

249 W 17th St 

New York, NY 10011 

Tel: (212) 463-6419 

Fax: (212) 463-6404 


SOUTHEAST CORRIDORIPA 
Steve Farkas 

487 Devon Park Dr 

Wayne, PA 19087 

Tel: (215) 293-1212 

Fax: (215) 293-0359 


IL, IN, KY, MI, OH, TN 
Greg Anastos 

Cahners Plaza 

1350 E Touhy Ave, Box 5080 
Des Plaines, IL 60018 

Tel: (708) 635-8800 

Fax: (708) 635-0929 


IL, MN, NE, IA, KS, ND, SD, WI, 
MO, AL, AR, OK, CANADA 

Jack Johnson 

Cahners Plaza 

1350 E Touhy Ave, Box 5080 

Des Plaines, IL 60018 

Tel: (708) 635-8800 

Fax: (708) 635-0929 


ARIZONA 

John Huff 

44 Cook St 

Denver, CO 80206 
Tel: (303) 388-4511 
Fax: (303) 394-4709 


COLORADO 

Bill Klanke 

44 Cook St 

Denver, CO 80206 
Tel: (303) 388-4511 
Fax: (303) 394-4709 


ORANGE/RIVERSIDE!/ 
SAN DIEGO COUNTIES 
Jim McErlean 

18818 Teller Ave, Suite 170 
Irvine, CA 92715 

Tel: (714) 851-9422 

Fax: (714) 752-6867 


LOS ANGELES/ 
SOUTHERN CA, NV 
Charles J Stillman 
12233 W Olympic Blvd 
Los Angeles, CA 90064 
Tel: (213) 826-5818 
Fax: (213) 207-1067 


Susan N Green 

18818 Teller Ave, Suite 170 
Irvine, CA 92715 

Tel: (714) 851-9422 

Fax: (714) 752-6867 


Reprints of EDN articles are available on a custom printing basis at reasonable prices in quantities of 500 or more. For an exact quote, contact 





VP/Publisher 
Roy W Forsberg 
(617) 558-4367 


Darlene Fisher, Assistant 


Advertising Sales Director 
Jeff Patterson 
(617) 558-4583 


NORTHERN CA/ 

SILICON VALLEY 

Phil Branon, Bill Klanke 

James W Graham, Frank Granzeier 
3031 Tisch Way, Suite 200 

San Jose, CA 95128 

Tel: (408) 243-8838 

Fax: (408) 243-2144 


WASHINGTON, OREGON 
Pat Dakin 
1750 SW Skyline Blvd, Box 6 


‘ Portland, OR 97221 


Tel: (503) 297-3382 
Fax: (503) 297-4305 


TEXAS 

Al Schmidt 

Two Forest Plaza 

12201 Merit Dr, Suite 730 
Dallas, TX 75251 

Tel: (214) 419-1825 

Fax: (214) 419-1829 


UK 

John Waddell 

Crystal Communications 
Purland House 

151 Nathan 

London SE28 O0AB 

Tel: 44-81-312-4444 
Fax: 44-81-310-1201 


ITALY 

Gianni Soddu 

International Advertising Network 
Via Cassola 6 

20122 Milano Italy 

Tel: 39-2-545-1833 

Fax: 39-2-546-2573 


SCANDINAVIA 
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London EC2A 4JU 
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Luis S Giner 

Urbanizacion Santa Barbara 
Edificio Cumbre, Apt 7B 
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Tel: 3-894-43-26 

Fax: 3-894-88-37 


ESS 


Marketing/Business Director : 


Deborah Virtue 
(617) 558-4779 


VP/Production/Manufacturing 


Wayne Hultizky 


Director of Production/ 
Manufacturing 
John R Sanders 
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Publicitas Budapest 
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Hanauer Landstrasse 294 
D-6000 Frankfurt/Main 1 
Germany; Tel: 4969 42 2951 
Fax: 49 69 421288 


HONG KONG 
Adonis Mak 


- Cahners Asia Limited 


22nd fl, Lo Yong Court 
Commercial Bldg 
212-220 Lockhart Road 
Wanchai, Hong Kong 
Tel: 852-572-2037 
Fax: 852-838-5912 


JAPAN 

Kaoru Hara 

Dynaco International Inc 

Suite 1003, Sun-Palace Shinjuku 
8-12-1 Nishishinjuku, Shinjuku-ku 
Tokyo 160, Japan 

Tel: 81-3-366-8301 

Fax: 81-3-366-8302 


KOREA 

Jeong-guon Seo 

DooBee International Inc 
Centre Bldg, 1-11 Jeong-dong 
Choong-ku, Seoul, Korea 

Tel: 82-2-776-2096 

Fax: 82-2-755-9860 


Production Staff 
Andrew A Jantz, Supervisor 
Sheilagh Hamill, Manager 
Lynn Morelli, Assistant 


SINGAPORE/MALAYSIA 
Hoo Siew Sai 

Major Media Singapore PTE Ltd 
52 Chin Swee Rd 

#06-00 Resource Bldg 
Singapore 0316 

Tel: 65-738-0122 

Fax: 65-738-2108 


AUSTRALIA 

Alexandra Harris-Pearson 
World Media Network Pty Ltd 
Level 2, 285 Clarence Street 
Sydney, NSW 2000 Australia 
Tel: 61-2-283-2788 

Fax: 61-2-283-2035 


TAIWAN 

Parson Lee 

Acteam International Marketing Corp 
Box 82153, Taipei, Taiwan ROC 

Tel: 886-2-7114833 

Fax: 886-2-7415110 ~- 


PRODUCT MART 
Joanne Dorian 

249 W 17th St 

New York, NY 10011 
Tel: (212) 463-6415 
Fax: (212) 463-6404 


INFO CARDS/ 
LITERATURE LINK 
Heather McElkenny 
Tel: (617) 558-4282 


CAREER OPPORTUNITIES/ 
CAREER NEWS 

Roberta Renard 

National Sales Manager 

Janet O Penn, Eastern Sales Manager 
Diane Philipbar, Sales Assistant 

103 Eisenhower Pkwy 

Roseland, NJ 07068 

Tel: (201) 228-8602, 228-8610, 
228-8608; fax: (201) 228-4622 


Nancy Olbers 

Western Sales Manager 
238 Highland St 
Portsmouth, NH 03801 
Tel: (603) 436-7565 
Fax: (603) 436-8647 


Direct Mail Service 


(708) 390-2361 


Wendy A Casella, Mary Beth Cassidy, 
Muriel Murphy 
Advertising/Contracts Coordinators 


(617) 964-3030 


Cahners Magazine Div 

Terry McDermot, President 
Cahners Publishing Co 

Frank Sibley, Executive Vice President/ 
General Manager, Boston Div 

Tom Dellamaria, VP/Production & 
Manufacturing 


Circulation: Denver, CO 
(303) 388-4511 


Andrea Marwitz, Cahners Reprint Service, Cahners Plaza, 1350 E Touhy Ave, Box 5080, Des Plaines, IL 60017. Phone (708) 390-2240. 


232 = EDN May 21, 1992 


Each technological terrain 
has its most prominent landmark 


The DSP landscape is dotted with vendors offering products and 
promises. But only one vendor has loomed large from the very beginning. 
Atlanta Signal Processors’ pioneering DSP experience dates back to 
1969. In 1982, ASPI began creating leading-edge DSP design tools and 

established itself as the DSP workstation source. 

Today, ASPI continues to cast the longest shadow across the DSP 
market. ASPI products support the entire range of TI and Motorola 
DSP processors. Banshee? Vortex™ Cheetah™ and DFDP3/plus are 
our principal product lines. They represent the industry’s most signifi- 
cant advancements in DSP development, from 83 MFLOPS processing 
to simple, intuitive filter design. A variety of daughter boards adds 
extended features such as expanded memory, A-D/D-A conversion, 
and multiprocessor capability. 

As a serious DSP craftsman, you can use this arsenal of design tools to 
lead the pack in today’s emerging technologies — robotics, speech coding, 
image processing, etc. And, with new products 
continuously in development at ASPI, you can 
take the high ground in tomorrows DSP 
landscape as well. Call now for detailed 


product specifications and pricing. WORLD LEADERS IN DSP DESIGN TOOLS 





770 Spring Street ¢ Atlanta, GA 30308 USA ¢ 404/892-7265 ¢ FAX 404/892-2512 
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EDN serves 
electronic engineers and 
engineering managers in more than 
100 countries worldwide. 
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AGC—automatic gain control 
ANSI—American National Standards 
Institute 

BW—bandwidth 

DOS—disk operating system 
dpi—dots per inch 

EDIF—electronic design-interchange 
format 

FET—field-effect transistor : 
FPGA—field-programmable gate array 
IC— integrated circuit 
IEEE—Institute of Electrical and 
Electronics Engineers 

I-to-V (converter)—a circuit that uses 
an op amp’s near-infinite open-loop gain 
to accurately convert the current that 
flows into the summing junction’s vir- 
tual ground into a proportional voltage 
JFET—junction field-effect transistor 
LED—light-emitting diode 
MS-DOS—Microsoft Disk Operating 
System 

NMOS—n-type metal-oxide semicon- 
ductor 

NTSC—National Television System 
Committee 

PAL—phase alternation line, European 
broadcast television standard 
PC—personal computer 

pe—printed circuit 
PLD—programmable logic device 
PMOS—»p-type metal-oxide semicon- 
ductor 

ppm—parts per million 
PSRR—power-supply rejection ratio 
RAM—random-access memory 
RTD—resistive temperature detector 
SECAM—sequential couleur 4 memo- 
rie, French broadcast television stan- 
dard | 
Spice—Simulation Program with Inte- 
grated Circuit Emphasis, a public- 
domain general-purpose program from 
UC Berkeley that simulates ICs and 
system-level circuits 

SRAM—static ranaom-access memory 
V/F—voltage/frequency 


This list includes acronyms and abbreviations found in EDN’s 
Special Report, Technology Updates, and feature articles. 
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High Frequency, Low Power 
BICMOS PWM's 







































































Our new BICMOS UCC3802 family of super-efficient 
current mode PWM's are small, 
fast, and accurate. No other 
PWM offers a lower voltage 
input (5 volts operational), 
so why bootstrap 

around your old 

IC's limitations? 








You can fly - with 
minimal design-in 

1 effort. The UCC3802 
AN is excellent for 
portable equipment: 
modems, notebook 
computers, and other 
battery-operated equipment are just a few of the applications 
the UCC3802 makes smarter. 


For free samples and application information, give us a Call today: 


(603) 424-2410 


7 Continental Boulevard, Merrimack, NH 03054, FX, (603)424-3460 





The UCC3802 Family Advantage 
® Low Starting Supply Current: typically 50uA 


® Low Operating Supply Current: typically 350uA 

® Pinout Compatible with UC3842 and UC3842A families 

® {MHz * Operation 

® Internal Leading Edge Blanking 

® High-Current 1Apk Totem-Pole Output 

® Fast Response Current-Sense Response: typically 100ns 

® Restart Delay prevents Fast Soft-Start Oscillations 

® Current-Mode Control for Automatic Feedforward 
Compensation 


® Tight tolerance voltage reference +1% 
"THE CURRENT MODE PWM LEADER" 


INTEGRATED 
CIRCUITS 


am UNITRODE 
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It has to be OSE - the third generation RTOS 


and development environment. 


Quite simply, OSE products have the capability to ° 
comprehensively outperform the competition in every 
area: speed of operation, configuration, run time error 
checking, ease of use, and debugging facilities. 


The high performance kernel requires just six 
system calls to perform the fundamental services of 


initialization, interprocess communication, resource 
9 and time management. Contrast this with the usual 
bewildering collection. 
REDUCED TIME TO MARKET 
| The development environment integrates many 
industry standard tools such as source level debuggers, 
emulators, and ROM monitors with the OSE system 


debugger. This allows debugging to begin at the con- 
ceptual level of your system, with the modules and 


| : : communication between them, before looking into the 
D | 1A | \ | D depths of coding and hardware. 
By using the host based simulator. development 
: and testing can begin before the hardware is available. 
et Again enabling debugging at the conceptual level of 
modules and communications, as well as the source 
The result is a high performance system built 
on a robust kernel, with run time errors caught by a 
qualified set of error checks. All built in the shortest 
possible time with ease of modification and 
enhancement ensured. 
That’s why OSE is already used by many leading 
na a a gg European companies involved in complex real-time 
systems, such as: satellite and radio communications, 
a eee or fax +46 8 768 43 88, or return the coupon to: 
Enea Data AB, Nytorpsvagen 5B, PO Box 232, 
S-183 23 Taby, SWEDEN. 
i | | CO) TI cote cornea eee ee 














code level. 


DEBUGGING LEVELS 





commercial and military telecoms, medical equipment 
and industrial control systems. 

For more information on the world’s most 
advanced RTOS, all you need choose is whether 
to phone the OSE Hotline on +46 8 792 25 00, 
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Distributors 
Switzerland Litronic AG, Tel: +41 61 47 32 01 Fax: +41 61 47 18 02 


Germany Jupiter Electronic, Tel:+49 6181 750 41 Fax: +49 6181 797 21 
France MB Electronic, Tel: +33 1 39 56 81 31 Fax: +33 1 39 56 53 44 
UK Reflex Technology Ltd, Tel: +44 494 465 907 Fax: +44 494 465 418 
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